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Foreword 
 

I am a sport scientist and training therapist from Graz, Austria. This 

book covers the topic of a possible or well-established relation between 

sports and cancer. It gives an overview of what impact sports and exer-

cise training may have or has got on each of the 24 most common and 

deadliest cancer diseases worldwide for all people interested or con-

cerned with regard to the latest scientific findings. I am very engaged in 

this subject because of personal and occupational interests.  

 

My heartfelt thanks to my whole family for your active support over the 

last few years and especially to my parents Mag. Christa Stuebinger und 

Klaus Stuebinger for your additional financial support to make it possi-

ble to release this book. 

 

My master thesis, which was written at the university of Graz and ad-

vised by Univ.-Prof. Mag. Dr. Peter Hofmann, served as the general 

basis for this book. 

 

 

Georg Stuebinger 
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1 Introduction 

Cancer is one of the major causes of death when all cancer types are 

pooled together accounting for approximately 13% of all deaths world-

wide in 2008 according to the WHO while from 2008 - 2012, an increase 

from 12.677.000 - 14.090.149 new cancer cases resp. from 7.571.000 - 

8.201.575 cancer deaths in more and less developed countries with high-

er percentages in incidence and mortality rates in 2012 in less developed 

countries.1 2 The following chapters are concerned with the impact of 

sports and exercise training at different types, durations, frequencies, 

volumes and intensities on prevention and reduced risk of cancer by 

means of every single of the 24 most common and deadliest types of 

cancer in men and women worldwide including proposed solutions and 

interesting questions for future studies.  

Generally speaking, cancer represents a malignant tumor being increases 

or neoformations of several types of tissue like carcinomas in epithelial 

tissue or sarcomas in soft tissue whereby genes inside the nucleus of 

normal cells work in the wrong way by allowing a cell or cells to keep 

on dividing until a lump or tumor is formed, which can be benign that is 

not described as cancer due to traits of slow growth, a covering by nor-

mal cells, no spread into other body parts and cells being quite similar to 

normal cells, or malignant that is defined as cancer because of fast 

growth, the existence of cancer cells, the destruction of surrounding tis-

sues, the entrance in blood vessels and the spread into other body parts.3 

To sum up, the main features of cancer are the resistance of cell death, 

the induction of angiogenesis, the enablement of replicative immortality, 

the activation of invasion and metastasis, the evasion of growth suppres-

sors as well as the maintenance of proliferative signaling inclusive of

G. Stuebinger, Sports and Exercise Training as Therapy in Cancer,
DOI 10.1007/978-3-658-09505-5_1, © Springer Fachmedien Wiesbaden 2015
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deregulation of cellular energetics, avoid to be destructed by immune 

defense, tumor-promoting inflammation and genome instability and mu-

tation.4 During the emergence of cancer, proto-oncogenes become onco-

genes controlling proteins being in turn responsible for ways of signal 

transduction after a mutation whereby the signal of growth is excessively 

increased due to overproduction of growth factors or receptors whereas 

simultaneously the impacts of tumor suppressor genes such as RB or p53 

counteracting the effects of oncogenes and DNA repair genes are almost 

switched off.4 p53 also inhibits glycolysis, but promotes aerobic metabo-

lism and mitochondrial function resp. regulates the equilibrium of oxida-

tive stress and antioxidative capacity being associated with reduced risk 

of cancer.5 In cancer cells, the telomere representing a protective part of 

the DNA promoting cellular senescence (cellular aging) and apoptosis 

(cellular death) is also blocked by an enzyme called telomerase being 

able to add DNA being previously removed by telomere again as well as 

tumor angiogenic factors (TAFs) like vascular endothelial growth factor 

(VEGF) and transforming growth factor (TGF) are released to connect 

the cancer with neighbouring blood vessels so that the oxygen and nutri-

ent demands can be ensured whereby metastases representing invasions 

into other tissues can arise because of the fact that those vessels, and also 

lymphatic vessels, are able to transport cancer cells being completely 

detached because cell adhesion molecules (CAMs) are missing in con-

trast to healthy cells.4  

High-intensity sports and exercise training including an incremental en-

durance workout of continuous increases up to the maximal oxygen up-

take (VO2max) preceded by sufficient warm-up and recovery time in-

creases the number of natural killer cells (NK) being able to kill cancer 

cells and also reduces the platelet-impeded cytotoxicity of NK-cells to 

cancer cells.6 Cancer-induced cachexia representing progressive and 
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significant weight loss accompanied by drastic catabolism of body fat 

and skeletal muscles affecting up to 50% of all cancer patients and being 

enhanced by pro-inflammatory cytokines promoting cell signaling such 

as tumor necrosis factor alpha (TNF- ) can also be warded off or re-

lieved by pre-eminent resistance training due to the up-regulation of anti-

inflammatory cytokines in body fat tissue and skeletal muscles by block-

ing TNF-  as well as increasing insulin sensitivity, muscle metabolism, 

protein synthesis and antioxidant enzymes.7  

In comparison with the 70s, the 5-year relative survival rate for all can-

cer types significantly improved until today that can be elucidated by a 

combination of earlier detection and improved treatments.8 9 The in-

creased incidence and decreased mortality rates of more or less devel-

oped countries are in turn mainly dependent on the cancer type, but not 

pre-eminently on the gender with the highest incidence rates and lowest 

mortality rates in more developed countries resp. the lowest incidence 

rates, but the highest mortality rates in less developed countries.1 Refer-

ring to the metabolic situation in cancer cells, there is a much higher 

production of energy through glycolysis compared with healthy cells by 

converting glucose into lactate regardless whether the current level of 

oxygen is insufficient or not as well as without contribution of the oxida-

tive phosphorylation in the mitochondria producing ATP as energy 

source, which is called the ‘Warburg Effect’ whereat a reverse ‘Warburg 

Effect’ was also recently discovered in tumor-associated fibroblasts be-

ing i. a. responsible for wound healing also resulting in a higher prolifer-

ative capacity by channeling the metabolites into the citric acid cycle. As 

a consequence, cancer cells as against healthy cells have got increased 

risk of tumorigenesis and carcinogenesis whereby an inhibition or a 

downshift of the glycolysis may be effective by opening new possibili-
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ties for immunotherapy on the account of a greater sensitivity of tumor 

and cancer cells.10 11  

 

The main risk factors for cancer not listing all uninfluenceable risk fac-

tors such as inheritance account for smoking, alcohol use, low fruit and 

vegetable intake, obesity, contaminated injections in health care settings, 

unsafe sex, urban air pollution as well as physical inactivity.12 Sports and 

exercise training seems to be a suitable adjuvant therapy for reduced risk 

of cancer because of the fact that on the one hand, sports and exercise 

training positively affects the hormonal and metabolic situation as well 

as inflammations, but on the other hand, also the risk of cardiovascular 

diseases and/or metabolic diseases possibly accompanying cancer due to 

weakened immune defense may be prevented or decreased by increasing 

physical fitness.13 14 Moderate-to-high intensity sports and exercise train-

ing is considered to be an appropriate therapeutic agent in cancer preven-

tion whereby the main focus has been on breast, prostate and colorectal 

cancer until now and every single type of cancer has to be differed from 

and considered incomparable to others whereas the role of sports and 

exercise training and its effects on tumor progression during and after 

chemotherapy still remains controversial whereby low-intensity sports 

and exercise training should not be ignored because of normalizing pH-

value, decreasing lactate and inhibiting VEGF expression resulting in 

reduced angiogenesis in close vicinity to the cancer.15 16  

 

All in all, sports and exercise training is safe and feasible for people to 

reduce the risk of cancer whereby physical and mental health benefits 

have been already proven as well as preventing obesity, cardiovascular 

resp. metabolic diseases whereas positive impacts of sports and exercise 

training on cancer progression and cancer survival may also be given.17 18  



2 Sports & Exercise Training in Cancer 
 

In the following chapter, the impact of sports and exercise training as a 

potential therapy on prevention and risk reduction of cancer is surveyed 

in detail as well as the palliative care for the 24 most common and dead-

liest cancer types in women and men worldwide. The order of cancer 

types was made by listing the cancer with the highest mortality rate of 

2012 downwards to the cancer with the lowest mortality rate of 2012 

worldwide. 
 

 

 

 

2.1 Lung Cancer 
 

Lung cancer represents the cancer with the highest mortality rate with 

1.589.925 cancer deaths in 2012 worldwide by being the most common 

and deadliest cancer in 2012 among men resp. the 3rd most common and 

2nd deadliest cancer in 2012 among women with an incidence rate of 

1.241.601 new cases as well as a mortality rate of 1.098.702 deaths in 

2012 among men resp. an incidence rate of 583.100 new cases as well as 

a mortality rate of 491.223 deaths in 2012 among women.2 “The relative 

5-year survival for patients with this disease is 14%, and has remained 

largely unchanged for years”.19 85% - 90% are present as non-small cell 

lung cancers being subdivided into 25% - 30% of squamous cell carci-

noma, 40% of adenocarcinoma and 10% - 15% of large cell carcinoma 

whereas 10% - 15% are present as small cell lung cancer.20 Between 

80% - 90% of lung cancer is attributable to smoking being unequivocally 

represented as the major risk factor, but risk factors appearing inde-

G. Stuebinger, Sports and Exercise Training as Therapy in Cancer,
DOI 10.1007/978-3-658-09505-5_2, © Springer Fachmedien Wiesbaden 2015
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pendently from smoking such as environmental tobacco smoke, cooking 

fumes, ionizing radiation, radon gas, asbestos, inherited genetic suscep-

tibility, occupational exposures to carcinogens or pre-existing lung dis-

eases accounting for ca. 10% - 15% of all lung cancers have also been 

confirmed as potential risk factors for lung cancer.21 The risk of lung 

cancer in never-smokers is considered higher in women.22 Important 

symptoms in patients with lung cancer are cough, dyspnea, hemoptysis, 

chest discomfort, phrenic nerve paralysis accompanied by bone pain, 

dysphagia, fever or clubbing.23  

 

 

 

2.1.1 Sports & Exercise Training on Lung Cancer Incidence 

 

A lack of physical activity can be associated with a higher risk owing to 

available data suggesting “moderate to high levels of leisure-time physi-

cal activity were associated with a 13% - 30% reduction in lung can-

cer”.24 A study accompanying 38.000 men from 1974 - 2003 ranging in 

age from 20 - 84 years and consisting of smokers and non-smokers eval-

uated a treadmill test. The people were assigned to low fit, moderately fit 

and high fit groups. The study illustrated that people with higher and 

moderate cardiorespiratory fitness levels may reduce the risk of getting 

lung cancer in comparison with those individuals with lower cardi-

orespiratory fitness levels.25 The afore-noted outcome was also encour-

aged by a meta-analysis taking together the results of 7 different studies 

that also “indicate that moderate or high levels of leisure time physical 

activity are associated with reduced risk of developing lung cancer 

among smokers”.26 “Contrary to studies in smokers, … data showed no 

evidence of inverse associations with higher BMI and increased physical 

activity” in never-smokers.27 The correlation between physical activity 

and lung cancer risk in non-smokers in 230 cases and 648 controls was 
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scrutinized in another study whereby physical activity of more than 24 

MET-hours/week obtained the best results in never-smokers and ex-

smokers.28 1 MET (metabolic equivalent) is the rate of energy expendi-

ture at rest whereby intensities of physical activities under 3 METs are 

considered to be as light, between 3 and 6 METs as moderate resp. above 

6 METs as vigorous. MET-hours are calculated by METs times minutes 

of physical activities divided by 60. The generation of reactive oxygen 

species (ROS) by oxidative stress working mutagenic can be well regu-

lated by sports and exercise training to prevent oxidative damage and 

mechanisms of carcinogenesis transiently increasing ROS production, 

but in the long term, reducing the systemic ROS levels.29 30 Because of 

cancer cells producing energy by aerobic glycolysis resulting in high 

lactic acid levels, sports and exercise training combined with reduced 

carbohydrate availability contribute to increase the level of the tumor 

suppressor protein p53 that may benefit by a decrease of the glycolysis, a 

regulation of oxidative stress in the mitochondria as well as a protection 

against metabolic stress.31 32 Another study included 8 active male sub-

jects performing a high-intensity endurance training with high or low 

carbohydrate availability whereby the maximal oxygen uptake (VO2max) 

was settled at preliminary testing on the treadmill by 3-min. stages at 10, 

12, 14 and 16 km/h and 2% inclination changes after the completion of 

16 km/h until exhaustion. In the morning of the experimental trials being 

separated by a minimum of 7 days, the subjects performed a 50 min. 

bout of running on the treadmill being constituted of alternate 6 x 3 min. 

at 90% and 50% of the maximal oxygen uptake (VO2max) whereat the 

warm-up and cool down lasted 7 min. at 70% of the VO2max whereas the 

groups received CHO diets of 8g/kg (high) resp. 3g/kg (low) in the 24h 

before the experimental trials and a high-CHO breakfast comprising 

2g/kg (high) as well as 8ml/kg resp. 3ml/kg of CHO beverages 10 min. 
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before and during recovery periods 2 and 5. Increases in p53 between 

pre- and post-exercise as well as between post-exercise and 3 hours after 

the interval training was shown while no increases were determined in 

the group with high CHO availability.32 

 

 

 

2.1.2 Sports & Exercise Training on Lung Cancer Progression 

 

The oxidative status of 16 lung cancer patients during a 14-week sports 

and exercise training period being comprised of 3 sessions per week was 

explored in a study and detected increases in urinary measures in 

postsurgical non-small cell lung cancer being able to promote cancer 

progression. “In week 1, exercise intensity was initially set at 60% of 

baseline peak workload for a duration of 15 to 20 minutes. Duration 

and/or intensity were then subsequently increased throughout weeks 2 to 

4 up to 30 minutes at 65% peak workload. In weeks 5 and 6, exercise 

intensity varied between 60% - 65% of peak workload for a duration of 

30 to 45 minutes for 2 sessions; in the remaining session patients cycled 

for 20 - 25 minutes at ventilatory threshold determined by a systematic 

increase in the VE/VO2 ratio, while VE/VCO2 remained constant. From 

the 7th week onwards, patients performed 2 sessions at 60% to 70% peak 

workload with one threshold workout for 20 - 30 minutes. Finally, in 

weeks 10 to 14, patients performed 2 sessions at 60% to 70% peak work-

load with one interval session. Interval workouts consisted of 30 sec. at 

peak workload followed by 60 s of active recovery for 10 - 15 inter-

vals”.30 Higher levels of red cell distribution width (RDW) are also asso-

ciated with advanced lung cancer stages, advanced age, more white 

blood cells, lower hemoglobin and higher levels of tumor markers.33 

Therefore 118 patients with chronic heart failure were supervised where-

by the exercise group consisted of 71 patients resp. the control group of 
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47 patients. The exercise group completed a 6-month endurance training 

program of 3 weekly sessions of 60 min. each including an intensity of 

90% of the heart rate at the anaerobic threshold (HRAT), which was eval-

uated by cardiopulmonary testing on the treadmill being composed of a 

starting load of 20 or 40 W and incremental increases of 10 or 20 W 

every minute. The outcome indicates that high-intensity endurance train-

ing is associated with a decrease in RDW.34 

 

 

 

2.1.3 Sports & Exercise Training on Lung Cancer Mortality 

 

Relevant to the subject of performing sports and exercise training before 

lung cancer resection to improve pre-operative functional capacities and 

to decrease post-operative respiratory morbidity, 24 patients were ran-

domly allocated into a group performing strength and endurance training 

(PR) and a group performing breathing exercises (CPT) for a period of 4 

weeks and 20 sessions. The PR group performed a shoulder flexion with 

a minimum rate of 15 repetitions per min. resp. a treadmill run of 10 

min. in week 1, 20 min. in week 2 and 30 min. in weeks 3 and 4 with the 

intensity of 80% of the maximum load that was determined by a test 

before and achieved better results compared to the CPT group perform-

ing 30 min. of inspiratory muscle training.35 
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2.1.4 Sports & Exercise Training on Palliative Care of Lung Cancer 

 

Generally speaking, “exercise capacity is decreased due to lower periph-

eral muscle strength and pulmonary functions and increased dyspnea 

severity and anxiety and depression levels in patients with advanced-

stage (stages III-IV) NSCLC and hence the quality of life of these pa-

tients is impaired much more in relation to reduced exercise capacity 

compared to patients with early-stage (stages I-II) NSCLC”.36 Therefore, 

articles of sports and exercise training prior to resp. post surgical resec-

tion were reviewed and occasioned results of endurance training lasting 

30 or more min. per session performed three - five times per week at 

moderate intensity of a 50% - 70% of the heart rate reserve (HRres) being 

calculated by maximal heart rate minus resting heart rate may have a 

positive impact on sports and exercise training tolerance, the quality of 

life and fatigue of early-stage lung cancer.37 

 

 

 

 

2.2 Liver Cancer 
 

Liver cancer represents the cancer with the 2nd highest mortality rate 

with 745.533 cancer deaths in 2012 worldwide by being the 5th most 

common and 2nd deadliest cancer in 2012 among men resp. the 9th most 

common and 6th deadliest cancer in 2012 among women with an inci-

dence rate of 554.369 new cases as well as a mortality rate of 521.041 

deaths in 2012 among men resp. an incidence rate of 228.082 new cases 

as well as a mortality rate of 224.492 deaths in 2012 among women.2 

“The most common histological type of liver malignant neoplasm is 

hepatocellular carcinoma (HCC). Other forms include: childhood 

hepatoblastoma, and childhood cholangiocarcinoma (originating from 
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the intrahepatic biliary ducts) and angiosarcoma (from the intrahepatic 

blood vessels). The established risk factors for HCC include Hepatitis B 

or C viruses (HBV and HCV) infection, alcohol drinking, tobacco smok-

ing, and aflatoxin. The suspected risk factors for liver cancer include 

diet, obesity, diabetes and insulin resistance, use of oral contraceptives, 

iron overload”.58 The major symptoms of liver cancer include drastic 

weight loss without any obvious explanation, swelling of the abdomen 

caused by growing cancer or a build up of fluid called ascites and jaun-

dice as well as other symptoms like feeling full or bloated even after a 

small meal or loss of appetite over a few weeks or sudden health prob-

lems in people with chronic hepatitis or liver cirrhosis.59 

 

 

 

2.2.1 Sports & Exercise Training on Liver Cancer Incidence 

 

“Body mass index in both boys and girls during school age is positively 

associated with the risk of liver cancer in adulthood”.60 “In addition, 

diabetes mellitus, an important component of metabolic syndrome and 

risk factor for non-alcoholic fatty liver disease (NAFLD), has recently 

been associated with hepatocellular carcinoma (HCC) in patients with 

chronic liver diseases”.61 Physical activity levels of 6.093 participants at 

high risk of liver cancer were investigated by using accelerometers to 

measure frequency and intensity of regular physical activity (<100 

counts/min./day = sedentary; 100 - 2.019 counts/min./day = light; 2.020 - 

5.999 counts/min./day = moderate; > 6.000 counts/min./day = vigorous) 

with the final outcome that patients with a diagnosis of NAFLD, diabetes 

and metabolic syndrome have significantly reduced physical activity 

levels.61 However, a resistance training of 3 weekly sessions of 60 min. 
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at 8 - 12 maximum repetitions each as well as consisting of 10 whole-

body exercises (leg press, leg extension, leg curl, chest press, lat pull-

down, seated row, biceps curl, triceps extension, push-ups and sit-ups) 

shows significant improvement in insulin sensitivity as compared with 

an aerobic exercise of 3 weekly sessions of 40 min. at 50% of the maxi-

mal oxygen uptake at the point of voluntary stopping (VO2peak) in week 1 

and 60 min. at 60% - 75% of the maximal oxygen uptake at the point of 

voluntary stopping (VO2peak) by week 2 whereas health issues associated 

with metabolic syndrome seem to be predominantly improved by endur-

ance training of running about 12 miles or 120 min. per week at 65% - 

80% of the maximal oxygen uptake at the point of voluntary stopping 

(VO2peak) as against resistance training of 3 weekly sessions of 3 daily 

sets of 4 upper body and 4 lower body major muscle exercises of 8 - 12 

maximum repetitions per set whereby performing the resistance training 

in addition to the afore-noted endurance training brings along further 

benefits.62 63 Another study examined 19.921 NAFLD patients by per-

forming an at least moderate-intensity sports and exercise training of 3,0 

- 6,0 METs more than three times per week for at least 30 min. and for 

an overall duration of at least 3 months, and reached the result that sub-

jects who exercised regularly had a lower risk of having NAFLD and 

were less insulin resistant.64 1 MET (metabolic equivalent) is the rate of 

energy expenditure at rest whereby intensities of physical activities un-

der 3 METs are considered to be as light, between 3 and 6 METs as 

moderate resp. above 6 METs as vigorous. MET-hours are calculated by 

METs times minutes of physical activities divided by 60. On the other 

hand, short-term endurance training of 60 min. per session at 80% - 85% 

of the maximal heart rate (HRmax) and performed for 7 consecutive days 

also contribute to risk reduction of NAFLD and the following nonalco-

holic steatohepatitis (NASH).65 But “… whether NAFLD is a causative 

factor for HCC remains unclear” although “NAFLD should be taken as a 

risk factor for HCC”.66 Concerning a correlation between sports and 
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exercise training and hepatobiliary cancer also including liver cancer, a 

study contained 507.897 participants aged 50 - 71 by completing a base-

line questionnaire of how often physical activity that increases respira-

tion, heart rate or perspiration is done during a typical month whereby 

never (1), rarely (2), 1 to 3 times per month (3), 1 to 2 times per week 

(4), 3 to 4 times per week (5) and 5 or more times per week (6) were the 

options listed with the final result that the highest level of physical activ-

ity was significantly associated with a 36% risk reduction in total liver 

cancer as against physically inactive participants although in turn, HCC 

had a stronger association regarding reduction of liver cancer risk as 

compared with no significant associations in other liver cancer.67 A 

number of studies “suggest that targeting insulin resistance and lipogene-

sis can reduce HCC risk over the long term” as well as “to prevent the 

onset of obesity through public awareness and education programs”.68 

Considering the importance of cardiorespiratory fitness being associated 

with a lower risk of liver cancer, a treadmill test was performed in an-

other study. The 38.801 male subjects aged 20 - 88 years were subse-

quently divided into low fit (lowest 20%), moderately fit (middle 40%) 

and high fit (upper 40%) groups and followed from 1974 until their date 

of death or December 31, 2003 with the final outcome that being a part 

of the moderately and high fit groups showed significant reduction of 

risk from liver cancer.69  

 

 

 

2.2.2 Sports & Exercise Training on Liver Cancer Mortality 

 

Sports and exercise training is considered to be an appropriate method 

for liver cancer patients undergoing hepatectomy. A study therefore allo-
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cates 51 HCC patients aged 20 - 80 years into a diet only and a combined 

diet and exercise group and testing their anaerobic thresholds one week 

after hepatectomy while the sports and exercise training program con-

sisted of 3 resp. 5 - 6 weekly sessions of 60-min. walking and stretching 

sports and exercise training program and the diet program included a 

daily energy intake of 25 - 30 kcal/kg of body weight resp. 20 - 25 

kcal/kg of BW in patients with diabetes or fatty livers, a daily protein 

intake of 1,0 - 1,2 g/kg of BW and a daily sodium chloride intake of 5 - 7 

g/kg of BW, altogether during the 1-month preoperative and 6-month 

postoperative periods and came to the conclusion of a more obvious fat 

reduction and improvement in insulin resistance in patients of the com-

bined group in comparison to the diet only group.70 Another study car-

ried out between December 2008 and April 2010, which included 61 

HCC patients undergoing curative resection and being previously tested 

by cycle ergometry at 60 repetitions per minute (rpm) involving 2 min. 

incremental stages (5,0, 7,5 and 10W/min.) until the 60 rpm could not be 

pedaled any longer whereby the maximal oxygen uptake at the point of 

voluntary stopping (VO2peak) as well as the anaerobic threshold (AT) was 

individually  measured by breath-by-breath analysis of expired air. All 

patients were followed up at least every 3 months after discharge also 

inclusive of physical examination and liver function testing with the 

result that the 3-year survival rate in HCC patients with a level of the 

maximal oxygen uptake at the point of voluntary stopping (VO2peak) of 

greater or equal 16,5 ml/min/kg was 50,3% as compared with 10,8% of 

those having less than 16,5 ml/min/kg and with an anaerobic threshold 

(AT) of greater or equal 11,5 ml/min/kg was 42,3% as against 33,4% of 

those having less than 11,5 ml/min/kg, but significantly higher 3-year 

survival rates were also achieved by higher platelet counts, branched-

chain AA/tyrosine ratio (BTR) and albumin levels resp. lower aspartate 

transaminase (AST), alanine transaminase (ALT) and retinol-binding 

protein (RBP) levels.71 A study found out that a 3-month treadmill-based 
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endurance training program being performed by 50 of 100 type-2 diabe-

tes male patients aged 35 to 55 and consisting of 36 sessions altogether 

of a 5 min. warm-up, a 30 min. main part at 65% - 75% of the maximal 

heart rate (HRmax) and a 5 min. cool-down each significantly reduced 

aspartate transaminase (AST) by 33,81% and alanine transaminase 

(ALT) by 40,8% as against the control group.72 Albumin synthesis is 

significantly increased 5 hours after a 72-min. intensive and intermittent 

endurance training at 85% of the maximal oxygen uptake at the point of 

voluntary stopping (VO2peak) in cycle ergometry while the ratio of aro-

matic to branched-chain AA may increase by endurance training in cy-

cling conducted at a high-intensity of approximately 75% of the maximal 

oxygen uptake (VO2max) or even.73 74 

 

 

 

2.2.3 Sports & Exercise Training on Palliative Care of Liver Cancer 

 

Significant improvements in physical strength and endurance as well as 

the quality of life was also determined by a study involving a 58-year-

old man with liver metastasis after resection of a carcinoma of the rec-

tum undergoing chemotherapy and consisting of a 13-week accompany-

ing resistance training at 40% - 60% of the 1 repetition maximum and 

endurance training at 130 - 150 heartbeats per minute (bpm) resp. at a 

lactate level of 2 - 4 mmol/L for 10 min. each all being conducted twice 

a week.75 Moreover, another study examined a 55-year old male patient 

suffering from advanced hepatocellular cancer (HCC) for 3 years from 

then by letting him participate in a 6-week endurance training program in 

cycling consisting of 2 weekly sessions of 20 min. in the first two and 35 

min. in the last four weeks preceded by a 3- to 5-min. warm up and
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followed by a 5 min. cool-down each. The intensity of the main part was 

60% of the maximal heart rate (HRmax) that was priorly evaluated by an 

ergometric bicycle test also being performed after the 6 weeks and com-

prising a pedalling rate of 60 - 70 repetitions per minute (rpm) whereby 

the initial load of 20W was increased every 2 min. by 20W until exhaus-

tion with the final result that physical working capacity and the quality 

of life were significantly up-regulated.76 

 

 

 

 

2.3 Stomach Cancer 
 

Stomach cancer represents the cancer with the 3rd highest mortality rate 

with 723.073 cancer deaths in 2012 worldwide by being the 4th most 

common and 3rd deadliest cancer in 2012 among men resp. the 5th most 

common and 5th deadliest cancer in 2012 among women with an inci-

dence rate of 631.293 new cases as well as a mortality rate of 468.970 

deaths in 2012 among men resp. an incidence rate of 320.301 new cases 

as well as a mortality rate of 254.103 deaths in 2012 among women.2 

Environmental and lifestyle factors associated with increased risk of 

stomach cancer include Helicobacter pylori being a microaerophilic bac-

terium in the stomach, smoking, salt, heavy alcohol consumption, high 

red meat consumption, high fat diets as well as low consumption of 

fruits, vegetables and micronutrients, obesity and physical inactivity.94 

But also “pre-existing diabetes mellitus may increase the risk of gastric 

cancer by approximately 19%” showing an either direct or indirect asso-

ciation between both diseases.95 Symptoms of stomach resp. gastric can-

cer can range from abdominal pain, appetite loss, dysphagia, weight loss, 

vomiting in advanced stages to bloating, sudden early satiety, diarrhea, 
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dyspepsia, shortness of breath and flatulence not being identified by 

stage whereby early stages are often asymptomatic.96  

 

 

 

2.3.1 Sports & Exercise Training on Stomach Cancer Incidence 

 

Referring to a correlation between sports and exercise training and stom-

ach cancer risk, vigorous physical activity across periods of the lifespan 

may be inversely associated with stomach cancer risk whereby activity 

levels should be performed 3 or more times per week leading to approx-

imately 20% - 40% risk reduction compared to the least active group 

whereas moderate sports and exercise training was not associated with 

reduced stomach cancer risk.97 Another study involving 73.133 subjects 

being followed from 1984 - 2002 and interviewed by questionnaire to 

figure out individual sports and exercise training intensities, frequencies 

and durations in turn detected that durations between 31 and 60 min. at 

weekly frequencies of 1, 2 or more times as well as at primarily moder-

ate intensity achieved the best outcomes whereby groups were different-

ly full whereas BMI was not associated with risk of stomach cancer.98 

What this all amounts to is that a protective effect for stomach cancer 

may be given by certain higher levels of physical activity, although a 

protective impact is not entirely confirmed owing to a paucity of com-

pleted investigative studies.99 Nevertheless “meta-analysis demonstrated 

that the risk of gastric cancer was 21% lower among the most physically 

active people as compared with the least physically active people … . 

This protective effect was seen for gastric cancers in the cardia and distal 

stomach”.100 Generally speaking, people exercising 2 - 5 times per week 

including sessions lasting 30 or more min. each representing moderate- 
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to high-intensity sports and exercise training levels significantly lower 

risk for stomach cancer.101 Unfortunately, the actual intensities involving 

endurance and resistance training being required and useful to compile a 

sports and exercise training program are not available in current litera-

ture although an anaerobic threshold (AT) of less than 11 ml/min./kg and 

a concurrently low maximal oxygen uptake at the point of voluntary 

stopping (VO2peak) also hint at higher rates of cardiopulmonary complica-

tions in patients with stomach cancer.102 

 

 

 

2.3.2 Sports & Exercise Training on Stomach Cancer Progression 

 

Regarding the natural killer cells being able to kill cancer cells, a study 

recruited 35 patients with stomach cancer aged 28 - 75 years having al-

ready undergone surgery and randomly allocated them into a control 

group doing no sports and exercise training as well as an exercise group 

carrying out a supervised 2-week sports and exercise training program 

comprising 3 daily sessions on 7 days per week lasting 30 min. of active 

range of motion (ROM) exercise, pelvic tilting exercise and isometric 

quadriceps-setting exercise each when patients lay in bed resp. consist-

ing of 2 daily sessions on 5 days per week lasting 30 min. using arm and 

bicycle ergometers at moderate intensity each if patients were ambulato-

ry with the final result that an early moderate sports and exercise training 

has got a beneficial effect on the function of NK cells in stomach cancer 

patients after surgery by significantly increasing the natural killer cell 

activity (NKCA) from 16,2% to 27,9% in the exercise group as com-

pared with a decrease of natural killer cell activity (NKCA) from 19,7% 

to 13,3% in the control group.103 
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2.3.3 Sports & Exercise Training on Palliative Care of Stomach Cancer 

 

Concerning a potential association of sports and exercise training in pa-

tients undergoing oral chemotherapy after surgery, 24 patients with 

stomach cancer were randomly assigned to a control group doing no 

sports and exercise training and an experimental group performing an 8-

week home-based sports and exercise training program consisting of at 

least 3 weekly sessions of 20 - 30 min. walking at moderate intensity 

each preceded by a warm-up and followed by a cool-down including 

stretching of the upper and lower extremities as well as the hip joint with 

the final outcome that the ratio of natural killer cells being capable of 

killing off cancer and virus-infected cells was just as increased as the 

degree of the quality of life being evaluated by questionnaire just like 

decreases of cancer-related fatigue and anxiety.104 

 

 

 

 

2.4 Colorectal Cancer 
 

Colorectal cancer represents the cancer with the 4th highest mortality rate 

with 693.933 cancer deaths in 2012 worldwide by being the 3rd most 

common and 4th deadliest cancer in 2012 among men resp. the 2nd most 

common and 3rd deadliest cancer in 2012 among women with an inci-

dence rate of 746.298 new cases as well as a mortality rate of 373.639 

deaths in 2012 among men resp. an incidence rate of 614.304 new cases 

as well as a mortality rate of 320.294 deaths in 2012 among women.2 

Nonmodifiable risk factors include advanced age, adenomatous polyps, 

inflammatory bowel disease and inherited genetic risk whereas environ-
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mental risk factors include high-fat diets, high meat consumption, obesi-

ty, physical inactivity, cigarette smoking and heavy alcohol consump-

tion.77 “Exercise, whole-grain dietary fibre consumption and aspirin con-

fer protection … support the importance of environmental factors both in 

colorectal tumorigenesis and its possible prevention”.78 Some symptoms, 

especially weight loss and change in bowel habit, increase the risk of 

colorectal cancer when being accompanied by rectal bleeding being the 

predominant symptom, but conversely, other symptoms, such as de-

creased appetite, diarrhoe, constipation and perianal symptoms, seem to 

reduce the risk of colorectal cancer when being accompanied by rectal 

bleeding.79  

 

 

 

2.4.1 Sports & Exercise Training on Colorectal Cancer Incidence 

 

A study went through and reviewed a lot of studies and articles and as-

certained that 75% of them showed either significant or non-significant 

reductions in risk of colorectal cancer with increasing physical activity.80 

Therefore, another study interviewed 488.720 men and women aged 50 - 

71 years in 1995 and 1996 by baseline questionnaire about their intensi-

ties, frequencies and durations of performed sports and exercise training, 

and accompanied them until the end of 2003 and made out that among 

men and women, participants engaging themselves in sports and exercise 

training 5 or more times per week had the best outcomes and also had an 

18% reduced risk of colorectal cancer as compared with those exercising 

never or rarely.81 As a consequence, higher levels of physical activity 

serve as partly protective referring to the appearance of colorectal cancer 

although a protective association between levels of physical activity and 

colorectal cancer risk seems to be more consistent and stronger in men in 

comparison with women and more obvious for proximal colon cancer as 
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against distal colon cancer and rectal cancer whereas the risk of rectal 

cancer alone was only reduced by a high level of vigorous physical ac-

tivity.82 83 However, also “exercising one hour per week was associated 

with a lower prevalence of polyps and adenomas when compared to 

those who exercised less or not at all”.84 Generally speaking, sports and 

exercise training has got the potential of reducing the risk of colorectal 

cancer whereby the intensity has to be contemplated. Therefore, 952 

rectal cancer cases being identified between May 1997 and January 2002 

as well as 1.205 controls were recruited and interviewed by question-

naire about their intensities of physical activity and finally compared the 

results with 1.346 colon cancer cases being diagnosed between October 

1991 and September 1994 as well as 1.544 controls aged 30 - 79 years 

each receiving the equal questionnaire as mentioned before. The final 

outcome indicated that the most reduction of colon and rectal cancer risk 

was determined by vigorous long-term activity levels of more than 12 

hours per week in comparison with no reduction of colon cancer risk 

including all activity levels at moderate intensity and a minor reduction 

of rectal cancer risk inclusive of all activity levels at moderate intensity 

except between 2 - 5 hours per week at moderate intensity representing 

the significantly best result.85 

 

 

 

2.4.2 Sports & Exercise Training on Colorectal Cancer Progression 

 

In colorectal cancer, different kinds of chemokines, especially interleu-

kin 8 (IL-8), belonging to the cytokines and inducing chemotaxis play a 

major role. Especially, expressions of growth-related oncogenes 2 and 3 

(GRO-2 and GRO-3) are already increased in premalignant tumors as 
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well as IL-8 levels are progressively increased in advanced colorectal 

cancer stages by 11-fold in adenomas, 30-fold or more in carcinomas 

and 47- to 80-fold in colorectal liver metastases indicating a significant 

association between IL-8 overexpression and progression and develop-

ment of CRC by promoting tumor growth, metastasis, chemoresistance 

and angiogenesis that simultaneously implies that IL-8 being released by 

working muscles seems to be a suitable and notable therapeutic target in 

CRC, but higher levels of IL-8 based on a cutpoint of 2,41-fold of IL-8 

overexpression counter-intuitively point towards a better overall survival 

rate.86 87 88 

 

 

 

2.4.3 Sports & Exercise Training on Colorectal Cancer Mortality 

 

On the other hand, “in multivariate analysis, women with a prediagnostic 

physical activity level of 18 or more MET-hours/week had a significant-

ly lower colorectal cancer-specific mortality (32% reduction) and all-

cause mortality (37% reduction) compared with women who reported no 

physical activity”.89 1 MET (metabolic equivalent) is the rate of energy 

expenditure at rest whereby intensities of physical activities under 3 

METs are considered to be as light, between 3 and 6 METs as moderate 

resp. above 6 METs as vigorous. MET-hours are calculated by METs 

times minutes of physical activities divided by 60. Concerning the afore-

remarked counter-intuitive better survival rate, “exercise can increase 

plasma levels of various chemokines and cytokines, including IL-8 … in 

healthy individuals” while a significant decrease of IL-8 levels is ob-

served in patients with metabolic syndrome doing a 12-week moderate 

endurance training consisting of 3 weekly sessions of 40 - 50 min. of 

walking at 50% - 60% of the heart rate reserve (HRres) being calculated 

by maximal heart rate minus resting heart rate.90 91 
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2.4.4 Sports & Exercise Training on Palliative Care of Colorectal Can-

cer 

 

In relation to positive postsurgical impacts of sports and exercise train-

ing, a study recruited 31 stages I - III colon cancer patients aged 20 - 70 

years between January 2011 and December 2011 for participation in a 

sports and exercise training program consisting of stretching for neck, 

shoulder, wrist, ankle and pelvis and very-low intensity resistance train-

ing of pelvic tilt, ankle dorsi- and plantar flexion against the hand of the 

therapist in phase 1 where patients were unable to get out of bed, of 

whole-body stretching and 10-sec. isometric resistance training involv-

ing pelvic tilt and thrust, leg raise, crunch, frontal and lateral raises and 

triceps extension in phase 2 where patients were able to get out of bed, 

but had limited ambulation as well as of whole-body stretching and 

phase 2 resistance training including 3 sets of 12 repetitions in addition 

to supervised balance exercises of one leg standing, one leg calf-raise, 

hip adduction, hip abduction, hip flexion with knee bent, hip extension 

and unsupervised walking on the hallway in phase 3 where patients were 

able to ambulate without any discomfort and figured out that low-to-

moderate intensity sports and exercise training performed directly after 

colectomy reduces length of hospital stay by 1 or 2 days and improves 

bowel motility.92 Though, also the mobility, fatigue and the quality of 

life in patients with stage IV colorectal cancer can be improved by a 

home-based sports and exercise training program embracing 5 upper 

body (biceps curl, rowing, pull down, bat swing, chest press) and 5 lower 

body (squats, calf raise, front, side and back steps) strength exercises 

performed at least twice a week for a total of 4 sessions (2 upper and 2 

lower) at 10 - 15 repetitions with less than moderate exertion as well as  
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endurance training of at least 4 weekly sessions of consisting of 

briswalking of about 1 mile per 20 min. lasting 90 min. each.93 

 

 

 

 

2.5 Breast Cancer 
 

Breast cancer represents the cancer with the 5th highest mortality rate 

with 521.907 cancer deaths in 2012 worldwide by being the most com-

mon and deadliest cancer in 2012 among women with an incidence rate 

of 1.676.633 new cases as well as a mortality rate of 521.907 deaths in 

2012 among women.2 But even so men can suffer from breast cancer 

although it is a rare disease and accounts for less than 1% of all types of 

cancer in males.38 “The risk factors for breast cancer … include envi-

ronmental factors such as radiation, tobacco, a high-fat diet, and xenoes-

trogens as well as hormones. In addition, BRCA1 and BRCA2 are the 

most well-known genetic factors that increase risk for breast cancer”.39 A 

study also revealed that the environmental risk factors for breast cancer 

are predominantly attributed to oxidative stress. Clear symptoms or ap-

parent health problems for early diagnosis of breast cancer are lumps in 

the breast being either self-detected by women or determined by physi-

cians. 

 

 

 

2.5.1 Sports & Exercise Training on Breast Cancer Incidence 

 

14.811 women aged 20 - 83 years were investigated by performing max-

imal treadmill exercise testing being finally allocated into a low (lowest 

20%), a moderate (next 40%) and a high (upper 40%) group based on the 
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individual performance capability and resulting in 33% and 55% lower 

breast cancer risk in women with moderate and high cardiorespiratory 

fitness levels.40 “Physical activity may mediate breast cancer recurrence 

… by reducing the levels of oestrogen in the body or by shifting the me-

tabolism of oestrogen to favour production of 2-hydroxyestrone (2-

OHE1) as opposed to 16alpha-hydroxyestrone (OHE1), the former of 

which has much weaker oestrogenic activity”.41 Relevant to the subject 

above, a total of 10 healthy, premenopausal and eumenorrheic women 

aged 25 - 35 years and classified at high risk of breast cancer, were re-

cruited in a study lasting 7 menstrual cycles and consisting of a home-

based sports and exercise training program on a treadmill altogether last-

ing 12 weeks and starting after the 2nd menstrual cycle whereby 3 women 

did not remain until completion of the study. Each participant had to 

perform 3 weekly sessions of overall 150 min. in weeks 1 and 2, 200 

min. in weeks 3 and 4, 225 min. in weeks 5 and 6, 250 min. in weeks 7 

and 8, 275 min. in weeks 10 and 11 as well as 300 min. in weeks 11 and 

12 whereby one session had to last at least 15 min., but was not allowed 

to exceed 100 min. including an intensity of 80% - 85% of the maximal 

heart rate (HRmax) being primarily evaluated by an incremental treadmill 

test. The outcome provided evidence of lower total estrogen and total 

progesterone levels whereas the menstrual cycle length was not influ-

enced.42 Another study involved 79.124 women practicing walking and 

running between 1991 and 1993, 1998 and 2001 as well as 1999 and 

2001 by questionnaires and got to the bottom of an increased breast can-

cer risk for women with larger cup sizes whereby estrogen and proges-

terone levels were the higher the larger the cup size. An interesting cor-

relation between cup size and sports and exercise training extent was a 

significant decrease of estrogen and progesterone levels in women run-

ning or walking more than 25,0 MET-hours per week that may reduce 
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the breast cancer risk and mortality.43 1 MET (metabolic equivalent) is 

the rate of energy expenditure at rest whereby intensities of physical 

activities under 3 METs are considered to be as light, between 3 and 6 

METs as moderate resp. above 6 METs as vigorous. MET-hours are 

calculated by METs times minutes of physical activities divided by 60. 

The duration obviously plays a decisive role in endocrine symptoms 

when extending over a longer period of time and not coming equal or 

below 30 min.44 45 Other circulating sexual and growth hormones in-

creasing the potential breast cancer risk, especially among premenopau-

sal women, are estradiol, estrone, androstenedione, dehydroepiandros-

terone and testosterone, but also postmenopausal breast cancer risk may 

be increased up to twofold in women with high estrogen or androgen 

levels.46 47 Another study reached the conclusion of decreased levels of 

estrone, estradiol, testosterone and androstenedione by doing combined 

reduced-calorie weight loss diet being comprised of a daily energy intake 

of 1.200 - 2.000 kcal including 30% or less from fat and moderate- to 

vigorous-intensity endurance training on the treadmill consisting of a 12-

month sports and exercise training intervention of 5 weekly sessions of 

225 min. per week at an intensity of 70% - 85% of the maximal heart 

rate (HRmax) measured by a maximal graded treadmill test by previously 

allocating 439 postmenopausal women aged 50 - 75 into 4 groups (con-

trol, only diet, only exercise, diet + exercise) and comparing the out-

comes.48 With the same duration and frequency as before, but a slightly 

modified intensity of 70% - 80% of the maximal heart rate (HRmax), 320 

postmenopausal women were explored and significant reductions in es-

tradiol were detected.49 Another important topic to explore the impact of 

sports and exercise training is BRCA1/2 mutation carriers having a life-

time risk estimation for breast cancer of 30% - 80%. The results showed 

significant decreases in breast cancer risk for a medium level of 11,0 - 

22,7 MET-hours per week inclusive of a medium level of intensity and a 

duration of more than 3,3 hours per week.50 Another survey containing 
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pre- and post-menopausal women irrespective of BRCA1/2 mutation 

carriers came to the result that post-menopausal women with a level 

above 22,9 MET-hours per week showed reduced breast cancer risk in 

comparison to pre-menopausal women at the same intensity as men-

tioned before not being associated with reduced breast cancer risk.51 

Generally speaking, endurance training seems to be a far more appropri-

ate method when compared to 3 weekly 50 - 60 min. sessions of a 12-

week resistance training involving 8 whole-body exercises (chest press, 

leg extension, shoulder press, leg curl, lat pulldown, leg press, biceps 

curl and triceps extension) of 2 - 4 sets per exercise at 8 - 12 maximum 

repetitions with 2 - 3 min. breaks between exercises and 30 sec. rests 

between sets because of the reason that significant increases in growth 

hormones including estrogen and testosterone were found in women that 

would be simultaneously counterproductive in the reduction of breast 

cancer risk and mortality rate.52 “Considering intensity of sports and 

exercise training, stronger association was found between breast cancer 

risk and vigorous activity”.53 

 

 

 

2.5.2 Sports & Exercise Training on Breast Cancer Mortality 

 

Standard recommendations for a supporting sports and exercise training 

against breast cancer cover an area of doing at least 20 to more advisable 

60 min. of continuous endurance and resistance training regardless 

whether short bouts are incorporated, but including large muscle groups 

at an overall frequency of at least 3 – 5 times per week at an intensity of 

50% - 75% of the maximal oxygen uptake at the point of voluntary stop-

ping (VO2peak), 60% - 80% of the maximal heart rate (HRmax) or a  rate of 
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perceived exertion (RPE) of 11 - 14 of a scale from 6 (very light) - 20 

(very hard) to finally increase cardiorespiratory fitness levels of breast 

cancer patients being simultaneously coupled with an increased survival 

rate in the follow-up contemporaneously attended with energy balance 

control, well-balanced nutrition and sufficient fruit and vegetable con-

sumption.54 55 An interesting correlation between cup size and sports and 

exercise training extent was a decrease of estrogen and progesterone 

levels in women running or walking more than 25,0 MET-hours per 

week that may reduce the breast cancer risk and mortality.48  

 

 

 

2.5.3 Sports & Exercise Training on Palliative Care of Breast Cancer 

 

Sports and exercise training is often inversely associated with breast 

cancer risk and also “… improves the QOL and the overall physical fit-

ness of breast cancer survivors following a brief (8-week) exercise pro-

gram”.56 Regarding breast cancer patients undergoing chemotherapy, 

sports and exercise training seems to be an appropriate adjuvant method 

to increase or maintain physical capacity resp. to improve worsening 

symptoms whereby the intensity has to receive closer attention. A study 

assigned 301 breast cancer patients into a group performing 25 - 30 min. 

of endurance training (STAN), a group performing 50 - 60 min. of en-

durance training (HIGH) and a group performing 50 - 60 min. of com-

bined endurance and resistance training (COMB) three times per week 

and merely during chemotherapy each with the final outcome that the 

HIGH- and COMB-groups achieved unambiguously better results in the 

management of declines in physical functioning and worsening symp-

toms. In detail, the HIGH-group was superior to the COMB-group for 

decreases in bodily pain and increases in physical fitness whereas the 

COMB-group was superior to the HIGH-group for improvements
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of muscular strength.44 Endurance training is also seen as suitable to 

increase sports and exercise training tolerance and to decline dyspnea 

while receiving radiotherapy being determined by a study containing 46 

female breast cancer patients performing a 6-week endurance training in 

cycling consisting of 5 weekly sessions of 40 min. cycling at an intensity 

of 65% - 70% of the maximal heart rate (HRmax) preceded by a 2 min. 

warm-up and followed by a 3 min. relaxation period and group breathing 

exercises. Endurance training was conducted 23 hours after receiving 

radiotherapy being composed of 7 weekly treatments for 5 weeks resp. 

sports and exercise training tolerance was determined by a 6-minute 

walking test including measurements of walked distance, dyspnea scale, 

blood pressure, heart rate and oxygen saturation.57 

 

 

 

 

2.6 Esophageal Cancer 
 

Esophageal cancer represents the cancer with the 6th highest mortality 

rate with 400.169 cancer deaths in 2012 worldwide by being the 8th most 

common and 7th deadliest cancer in 2012 among men resp. the 14th most 

common and 9th deadliest cancer in 2012 among women with an inci-

dence rate of 323.008 new cases as well as a mortality rate of 281.217 

deaths in 2012 among men resp. an incidence rate of 132.776 new cases 

as well as a mortality rate of 118.952 deaths in 2012 among women.2 

Esophageal cancer is subdivided into esophageal squamous cell carci-

noma (ESCC) emanating from skin and mucosas, and esophageal adeno-

carcinoma (EA) springing from glandular tissue. Potential risk factors 

for ESCC include tobacco smoking, heavy alcohol consumption, drink-
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ing mate, low fruit and vegetable consumption, and achalasia whereas 

potential risk factors for EA contain gastroesophageal reflux, obesity, 

tobacco smoking, hiatal hernia, achalasia and probably absence of heli-

cobacter pylori in the stomach.116 “Often, esophageal cancer is not diag-

nosed until patients present with dysphagia, odynophagia, anemia or 

weight loss. When symptoms occur, the stage is often stage III or great-

er”.117  

 

 

 

2.6.1 Sports & Exercise Training on Esophageal Cancer Incidence 

 

Increased sports and exercise training lasting 20 or more min. being per-

formed a few times per week and causing increases in breathing, sweat-

ing and/or heart rate is positively associated with reduced risk of esopha-

geal cancer, especially with EA, whereas no significant association is 

seen between sports or exercise training and ESCC.118An analysis in-

cluding 8 studies attending to associations between sports and exercise 

training and reduced risk of esophageal cancer was conducted and finally 

arrived at the result that the risk of esophageal cancer was 19% lower 

among the most active people as against the least active people whereby 

physical activity was merely associated with a reduced risk of EA, but 

not of ESCC.119 “Such mechanisms would include physical activity’s 

affect on immune function, hormone levels, antioxidant defenses, over-

weight and gastroesophageal reflux”.120 The gastroesophageal reflux 

disease (GERD) or colloquially speaking heartburn or pyrosis arising 

from a chronic mucosal damage and being strongly associated with obe-

sity can also represent a substantial risk factor for esophageal cancer as 

well as Barrett’s esophagus being characterized as metaplasia and hence 

as a pre-malignant condition arising from GERD.121 There is a possible 
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association between insulin resistance and GERD symptoms and also the 

prevalence of erosive esophagitis whereby sports and exercise training 

combined with caloric restriction may be advantageous to decrease 

symptoms and complications of GERD as well as improve the quality of 

life in obese patients with GERD.122 Because a dysfunction of the lower 

esophageal sphincter (LES) is a root cause of GERD, though it was also 

determined that LES pressure has got nothing to do with any level of 

physical activity although the LES pressure merely slightly declined in 

the group with the highest level of physical activity performing 8190 +/- 

4320 MET-minutes per week.123 But also after an esophagectomy, al-

ready low-level physical activity of 9 or more MET-hours per week 

seems to play a crucial role in preventing postoperative complications in 

comparison with other patients doing less or no sports and exercise train-

ing.124 1 MET (metabolic equivalent) is the rate of energy expenditure at 

rest whereby intensities of physical activities under 3 METs are consid-

ered to be as light, between 3 and 6 METs as moderate 

resp. above 6 METs as vigorous. MET-hours are calculated by METs 

times minutes of physical activities divided by 60. 

 

 

 

 

2.7 Head and Neck Cancer 
 

Head and neck cancer embraces four types of cancer including lip/oral 

cavity (39% in men resp. 58% in women), laryngeal (27% in men resp. 

11% in women), nasopharangeal (12% in men resp. 15% in women) as 

well as other pharangeal (22% in men resp. 16% in women) cancers and 

altogether represents the cancer with the 7th highest mortality rate with 
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375.665 cancer deaths in 2012 worldwide by being the 6th most common 

and 6th deadliest cancer in 2012 among men resp. the 10th most common 

and 11th deadliest cancer in 2012 among women with an incidence rate 

of 513.104 new cases as well as a mortality rate of 284.555 deaths in 

2012 among men resp. an incidence rate of 173.224 new cases as well as 

a mortality rate of 91.110 deaths in 2012 among women.2 Head and 

Neck cancer predominantly appears as squamous cell carcinoma 

(SCCHN) whereby nearly 75% of all SCCHN attend to heavy tobacco 

and alcohol consumptions as primary causes, but also the Human Papil-

lomavirus (HPV) may play a substantial role as a potential risk factor.125 

But also poor oral hygiene can play a role herein because “no regular 

dental visits and brushing teeth less than twice daily were associated 

with a significantly increased risk of head and neck cancer”.126 Anorexia, 

dysphagia or mouth sores can be early symptoms of head and neck can-

cer also being able to lead to reduced dietary intake and/or weight loss.127  

 

 

 

2.7.1 Sports & Exercise Training on Head and Neck Cancer Incidence 

 

To explore the association between sports and exercise training and head 

and neck cancer, a study recruited and interviewed 487.732 men and 

women without cancer aged 50 - 71 years from 1995 or 1996 to the end 

of 2003 by mailed questionnaire with the final outcome that people exer-

cising 3 or 4 times per week had relative risks (RR) of total head and 

neck cancer and oral cavity cancer of 0,57 as against those exercising 

less than one time per week or nothing resp. that people exercising 5 or 

more times per week had relative risks of pharyngeal cancer of 0,48 and 

of laryngeal cancer of 0,52 as compared with those exercising less than 

one time per week or nothing.128 
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2.7.2 Sports & Exercise Training on Head and Neck Cancer Progression 

 

A reason for beneficial effects of sports and exercise training in head and 

neck cancer are higher IL-6 levels in patients with head and neck cancer 

because of health behaviours, smoking or sleep disturbances among oth-

ers whereby a 4 - 6 time per week performed endurance training includ-

ing a running distance of 49 +/- 3 weekly km significantly decreases the 

level of IL-6 in older and younger people.129 130 

 

 

 

2.7.3 Sports & Exercise Training on Palliative Care of Head and Neck 

Cancer 

 

A study detected that functional capacity and the quality of life of pa-

tients undergoing chemoradiotherapy of head and neck cancer and par-

ticipating in a 6-week sports and exercise training program consisting of 

15 - 20 min. of brisk walking and of a resistance training program of the 

major muscles of the upper and lower limb including 8 - 10 repetitions 

and 2 - 3 sets each exercise at 3 - 5 of rate of perceived exertion (RPE) 

ranging from 1 - 10 and five times per week each was significantly im-

proved as against a control group doing no sports and exercise train-

ing.131 Another study conducted included 39 male and 10 female patients 

with stage III - IV of oral cavity, oropharyngeal, hypopharyngeal, naso-

pharyngeal or laryngeal cancers aged 32 - 78 years who underwent 

chemoradiotherapy and were randomly allocated into a standard rehabili-

tation group (S) performing a 10-week sports and exercise training pro-

gram consisting of 3 weekly sessions of stretching the swallowing and 

jaw muscles by holding at mild discomfort for 10 - 30 sec. resp. 
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strengthening them by 8 - 12 repetitions per exercise and into an experi-

mental rehabilitation group (E) by doing the same intensities and dura-

tions whereby a TheraBite was used to carry out exercises. The final 

result showed improvements with either of the two afore-stated sports 

and exercise training methods described above.132 The mouthpieces of 

the TheraBite being predominantly used in trismus being well-known as 

a complication of head and neck cancer treatment must be positioned 

between the maxilla and the mandible whereby stretching is done when 

the handle of the TheraBite is squeezed and strengthening when the 

mouthpiece is squeezed. 69 head and neck cancer patients with trismus 

conducting sports and exercise training with the TheraBite from 2004 - 

2011 involving 4 - 5 daily sessions of strengthening for 6 - 8 repetitions 

and stretching for 6 - 15 sec. were investigated with the final conclusion 

that mouth opening of head and neck cancer patients was increased by 

5,4 mm after TheraBite exercises on average.133 Resistance training also 

represents an appropriate method by increasing lean body mass and 

muscle strength in head and neck cancer for what another study recruited 

41 patients with stage I and II head and neck cancers after radiotherapy 

and randomly assigned them into an exercise group performing a 12-

week resistance training comprising 2 - 3 weekly sessions of 2 - 3 sets of 

8 - 15 repetitions of 7 exercises including leg press, knee extension, 

hamstring curls, chest press, sit ups, back extensions as well as lateral 

pull down and into a control group performing no sports and exercise 

training.134 
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2.8 Pancreatic Cancer 
 

Pancreatic Cancer represents the cancer with the 8th highest mortality 

rate with 330.391 cancer deaths in 2012 worldwide by being the 12th 

most common and 8th deadliest cancer in 2012 among men resp. the 12th 

most common and 7th deadliest cancer in 2012 among women with an 

incidence rate of 178.161 new cases as well as a mortality rate of 

173.827 deaths in 2012 among men resp. an incidence rate of 159.711 

new cases as well as a mortality rate of 156.564 deaths in 2012 among 

women.2 The greatest risk factor for pancreatic cancer is chronic pancre-

atitis while acute pancreatitis, smoking, heavy alcohol consumption, 

long-standing diabetes, abnormal glucose tolerance, gallstones as well as 

autoimmune and infectious diseases play a major or minor role.164 165 

Epigastric abdominal pain getting worse when lying down, weight loss 

linked to less appetite, nausea with vomition after food intake, fat malab-

sorption and jaundice caused by a compression of the distal bile duct are 

the most common symptoms whereby an enlarged liver and a palpable 

gallbladder is present very often while anorexia, dyspepsia, pyrosis, de-

pression, asthenia, thrombophlebitis, new-onset diabetes mellitus and 

gastrointestinal bleeding can also appear.166 With the lowest survival 

rates among all cancer types, most patients suffering from pancreatic 

cancer succumb to the disease also because there is no simple early de-

tection method and a resistance to chemotherapy.167 
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2.8.1 Sports & Exercise Training on Pancreatic Cancer Incidence 

 

Concerning a possible correlation between sports and exercise training 

and pancreatic cancer risk, a study found 26 studies analyzing physical 

activity whereby the intensity of physical activity appeared more protec-

tive when being moderate as against vigorous or exhaustive whereat it is 

not significant and there is no state of evidence for potential effective-

ness.168 Diabetes mellitus is deemed to be a key factor for increased risk 

of pancreatic cancer, with a 1,5- to 2-fold elevated risk in type 2 DM 

whereas type 1 DM is associated with an increased risk to a lesser extent 

although the causality would be more apparent due to the fact that it is a 

dysfunction of the pancreas itself as against a mainly self-imposed insu-

lin resistance representing type 2 DM whereby a clear state of evidence 

in both cases remains unclear despite of significantly increased risk for 

pancreatic cancer in older diabetic patients regardless whether type 1 or 

2 diabetes lasting 2 years or less and/or comorbid with chronic pancreati-

tis.169 170 Because of the fact, that there is no other way of dealing with 

type 1 DM as regular injections of insulin, sports and exercise training 

can merely help to reduce additional cardiovascular risk factors, improve 

metabolic control and lower HbA1c levels by 150 or more min. of inten-

sive sports and exercise training whereat it has to be individually adjust-

ed like type 2 DM as well to prevent adverse effects such as diabetic 

coma or hypoglycemia, but cannot avoid or cure type 1 DM.171 172 

HbA1c is a value being increased in type 1 and 2 DM and representing 

hemoglobin bound to glucose without enzymes. It can also be lowered 

by a 16-week combined 5 - 20 min. eccentric resistance training of the 

major leg muscles on a recumbent stepper at 7 - 13 on the rate of per-

ceived exertion (RPE) scale ranging from 6 - 20 and 20 - 50 min. endur-

ance training at 60% of the maximal heart rate (HRmax) on the treadmill, 

rowing machine, bicycle or elliptical stepper comprising 3 weekly ses-

sions in type 2 DM patients whereby combined endurance and resistance 
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training of 3 weekly 60 min. sessions involving 20 min. of cycling at 

60% of the maximal oxygen uptake at the point of voluntary stopping 

(VO2peak) and whole-body exercises (bench press, shoulder press, biceps 

curls, triceps extensions, sit-ups and leg press) of 1 set of 10 - 15 maxi-

mum repetitions improves the lipid profile of type 2 DM patients includ-

ing reduced fasting blood glucose, HBA1c, total cholesterol, LDL-

cholesterol, triglycerides as well as increased HDL-cholesterol, but re-

sistance training seems to have more advantages in increasing insulin 

sensitivity and changes in lipid profiles.173 174 175 The most potential risk 

factor for pancreatic cancer, pancreatitis, cannot be cured or prevented 

by sports and exercise training as well whereas possible risk factors for 

pancreatitis such as hyperlipidemia or gallstones can be prevented. On 

the other hand, high-intensity sports and exercise training could also 

induce pancreatitis as well as cholangitis after biliary bypasses or pan-

creatoduodenectomy.176 
 

 

 

 

2.9 Prostate Cancer 
 

Prostate cancer represents the cancer with the 9th highest mortality rate 

with 307.481 cancer deaths in 2012 worldwide by being the 2nd most 

common and 5th deadliest cancer in 2012 among men with an incidence 

rate of 1.111.689 new cases as well as a mortality rate of 307.481 deaths 

in 2012 among men.2 “Recent smoking history, taller height, higher 

BMI, family history, and high intakes of total energy, calcium and -

linolenic acid were associated with a statistically significant increased 

risk. Higher vigorous physical activity level was associated with lower 
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risk”.146 Symptoms of prostate cancer are lower urinary tract symptoms 

(LUTS) including hesitancy, leakage, urgency, dysuria, weak stream, 

frequency or alguria whereby early prostate cancer in stages I and II 

doesn’t or rarely cause LUTS, but advanced prostate cancer in stages III 

and IV may or do cause LUTS.147  

 

 

 

2.9.1 Sports & Exercise Training on Prostate Cancer Incidence 

 

In the wake of reduced risk of prostate cancer, high-intensive endurance 

training of 5 weekly 120 min. sessions at 80% of the maximal oxygen 

uptake (VO2max) seems to be appropriate owing to decreases of testos-

terone (T), lutropin (LH) and follitropine (FSH) levels and increases of 

sexual hormone-binding globulin (SHBG) being both associated with 

increased risk of prostate cancer at high concentration (T) resp. low con-

centration (SHBG) whereby immune defense could be adversely adjust-

ed by too high intensity whereas resistance training needs to be further-

more examined because of an adverse effect on T, but a beneficial effect 

on immune defense.148  

 

 

 

2.9.2 Sports & Exercise Training on Prostate Cancer Progression 

 

A study recruited 26 patients with prostate cancer undergoing androgen 

deprivation therapy (ADT), carrying out a 6-month sports and exercise 

training intervention and being therefore randomly assigned into an en-

durance training group (EET) consisting of 5 weekly 60 min. sessions at 

60% - 80% of the maximal heart rate (HRmax) and into a resistance train-

ing group (RET) comprising 5 weekly sessions of 10 strength exercises 
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of the major muscle groups using resistance bands, a stability ball and an 

exercise mat and reached the conclusion that positive changes in adi-

pokine levels and IGF-axis in respect to prostate cancer are mainly 

achieved by moderate-to-high intensity endurance training as compared 

with resistance training that may be pre-eminently coupled with healthy 

changes in physical fitness and body composition.149 Another study re-

cruited 10 healthy young male subjects aged 18 - 37, with 170 - 190 cm 

height, 58 - 82 kg of body weight and a median VO2max of 3,7 L*min. All 

of them performed 20 min. of cycling at 125 W and 50% of the maximal 

oxygen uptake (VO2max) on average whereupon the intensity was in-

creased for 40 min. of cycling at 165 W and 65% of the maximal oxygen 

uptake (VO2max) on average and so arrived at the result that 9 out of the 

afore-noted 10 subjects also showed an inhibitory effect on LNCaP cells 

being androgen-sensitive human prostate adenocarcinoma cells.150 An-

other study incorporated 10 patients with prostate cancer undergoing 

androgen deprivation therapy (ADT) and performing a 20-week high-

intensity resistance training of 2 weekly sessions of 8 exercises (chest 

press, leg press, lat pulldown, leg extension, shoulder press, leg curl, 

seated row, AB crunch) at 2 sets of 12 maximum repetitions in week 1 

and 2, 3 sets of 10 maximum repetitions in week 3 and 4, 3 sets of 8 

maximum repetitions in weeks 5 - 7, 4 sets of 6 maximum repetitions in 

weeks 8 - 10 as well as of 4 sets of 6 maximum repetitions of acute exer-

cise bouts (chest press – seated row, squat, shoulder press – lat pulldown, 

leg press, triceps extension – biceps curl, leg extension – leg curl, upper 

rower dips, AB crunch – back extension) in weeks 11 - 20 with 60 - 90 

sec. breaks between sets resp. 2 - 4 min. breaks between exercises each 

with the final outcome that T levels were slightly increased while SHBG 

and DHEA were significantly and prostate-specific antigen (PSA) slight-

ly increased declaring the use of resistance training as adjuvant therapy 
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for patients with prostate cancer has to be done with great care.151 Gener-

ally speaking, “there is a growing body of epidemiological research sug-

gesting that physical activity is protective against the development of 

prostate cancer” whereby the intensity and the type of sports and exer-

cise training has to be contemplated because also after diagnosis, a high-

er level of sports and exercise training is statistically associated with 

reduced risk of prostate cancer progression.152 153 

 

 

 

2.9.3 Sports & Exercise Training on Prostate Cancer Mortality 

 

In general, “cardiac rehabilitation programs, which primarily utilize ex-

ercise, produce compelling and consistent clinical results. Randomized 

trials have repeatedly demonstrated that cardiac rehabilitation reduces 

the probability of suffering additional cardiac events and is associated 

with a broad range of benefits, including reduced mortality” whereat 

certain parameters increasing the risk of prostate cancer progression are 

inversely affected the most by moderate- to- high-intensity and pro-

longed endurance training in comparison with resistance training resp. 

shorter and/or low-to-moderate intensity endurance training.154 A study 

involved 2.705 patients with non-metastatic prostate cancer, interviewed 

them to evaluate individual physical activity levels and accompanied 

them from 1990 - 2008 including 112 deaths because of prostate cancer 

whereby patients exercising 48 or more MET-hours per week (71 MET-

hours per week on average), performing vigorous physical activity for 3 

or more hours per week or performing non-vigorous physical activity for 

10 or more hours per week showed the statistically best results as against 

lower volumes of the same intensity.155 1 MET (metabolic equivalent) is 

the rate of energy expenditure at rest whereby intensities of physical 

activities under 3 METs are considered to be as light, between 3 and 6 
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METs as moderate resp. above 6 METs as vigorous. MET-hours are 

calculated by METs times minutes of physical activities divided by 60. 

 

 

 

2.9.4 Sports & Exercise Training on Palliative Care of Prostate Cancer 

 

Concerning physical fitness and the quality of life in patients with pros-

tate cancer in combination with endurance or resistance training, a com-

bined supervised and self-directed sports and exercise training of endur-

ance training embracing 30 min. sessions at 55% - 85% of the age-

predicted maximal heart rate (HRmax) of 220 - age or 11 - 15 on the rate 

of perceived exertion (RPE) scale ranging from 6 (very light) - 20 (very 

hard) and a succeeding resistance training including 2 - 4 sets of body 

weight resistance and free weights involving large muscle groups at 

moderate-to-high intensity showed significant improvements in the qual-

ity of life, physical fitness and decreases in cancer-related fatigue.156 

 

 

 

 

2.10 Cervical Cancer 
 

Cervical cancer represents the cancer with the 10th highest mortality rate 

with 265.672 cancer deaths in 2012 worldwide by being the 4th most 

common and 4th deadliest cancer in 2012 among women with an inci-

dence rate of 527.624 new cases as well as a mortality rate of 265.672 

deaths in 2012 among women.2 The most prevalent risk factor concern-

ing the appearance of cervical cancer is the infection by the human papil-



 Sports & Exercise Training in Cancer 42 

lomavirus (HPV). “HPV infections are the most common sexually 

transmitted infections globally. Genital HPV infection is associated with 

development of cervical cancer, cervical neoplasia, anogenital warts, and 

other anogenital cancers”.105 “Persistent HPV infection is a necessary, 

but not sufficient, cause of cervical cancer. High parity, … , poor sexual 

hygiene, … , multiple sexual partners, tobacco smoking, co-infection 

with human immunodeficiency virus, Herpes simplex virus type 2 and 

Chlamydia trachomatis, immunosuppression, oral contraceptive use and 

dietary deficiencies of vitamin A are all co-factors that are necessary for 

progression from cervical HPV infection to cancer”.106 Symptoms of 

cervical cancer may include vaginal discharge, postcoital bleeding, in-

termenstrual bleeding, heavier/longer menstrual periods, abdominal pain 

or dyspareunia.107 

 

 

 

2.10.1 Sports & Exercise Training on Cervical Cancer Incidence 

 

Referring to the impact of sports and exercise training on cervical can-

cer, a survey was conducted from 2006 - 2013 involving 1.125 women 

aged 18 - 65 years, not pregnant, not having a history of gynecological 

cancer, by questionnaire resulting in a lower risk for cervical cancer at 

72 or more MET-hours per week as well as reduced risk of cervical in-

traepithelial neoplasia (CIN) at 38,5 - 72 resp. 72 or more MET-hours 

per week.108 1 MET (metabolic equivalent) is the rate of energy expendi-

ture at rest whereby intensities of physical activities under 3 METs are 

considered to be as light, between 3 and 6 METs as moderate resp. above 

6 METs as vigorous. MET-hours are calculated by METs times minutes 

of physical activities divided by 60. Although there is no clear evidence 

of a potential association between human papillomavirus (HPV) and 

sports and exercise training, HPV vaccine may be better accepted by 
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women engaging in sports and exercise training in comparison with them 

with a lack of physical activity.109 Increased levels or volumes of sports 

and exercise training are also associated with higher odds of pap screen-

ing, also called pap smear test, whereby the more the merrier takes effect 

herein.110 “The Pap smear is used commonly as cytologic screening test 

for eradication of precancerous lesions” as well as “… performed with 

endocervical brush, fixed in 95% ethanol and stained by the Papanico-

laou method”.111 

 

 

 

2.10.2 Sports & Exercise Training on Cervical Cancer Progression 

 

A hardly verified trait could be the Lon protease being a human mito-

chondrial ATP-dependent stress protein that is up-regulated under stress 

conditions and also plays an important role in cervical cancer because of 

a significant increase of Lon protease levels that may promote cell pro-

liferation and the cellular energy metabolism in cervical tissues whereas 

a down-regulation or inhibition of Lon protease can prevent or halt cell 

proliferation as well as modify the afore-remarked bioenergetic metabo-

lism.112 The Lon protease is effected by means of sports and exercise 

training due to the mere fact that in healthy people, Lon protease levels 

progressively decrease with advancing age while regular sports and ex-

ercise training seems to be able to prevent the age-related decline in Lon 

protease to avoid a restricted mitochondrial function.113 But whether the 

Lon protease levels could be altered by sports and exercise training in 

patients with cervical cancer or for prevention of cervical cancer has to 

be explored yet owing to an increase of reactive oxygen species (ROS) 

production working mutagenic by a deficit in Lon protease in cervical 
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HeLa cells leading to elevated oxidative stress and less protection what 

can be counteracted by brief, moderate- to high-intensity endurance 

training at 70% - 85% of the maximal oxygen uptake (VO2max) through 

increasing antioxidant defenses.114 115 

 

 

 

 

2.11 Leukemia 
 

Leukemia represents the cancer with the 11th highest mortality rate with 

265.471 cancer deaths in 2012 worldwide by being the 11th most com-

mon and 9th deadliest cancer in 2012 among men resp. the 13th most 

common and 10th deadliest cancer in 2012 among women with an inci-

dence rate of 200.676 new cases as well as a mortality rate of 151.321 

deaths in 2012 among men resp. an incidence rate of 151.289 new cases 

as well as a mortality rate of 114.150 deaths in 2012 among women.2 

Leukemia represents an abnormally increased number of white blood 

cells whereby acute and chronic leukemia resp. myeloid and lymphocyt-

ic leukemia are distinguished. Leukemia is the most common type of 

childhood cancer including increasing leukemia rates associated with 

infections or incidence of immune-related illnesses such as allergy, 

asthma and type 1 diabetes in early or late childhood whereas risk factors 

in adults also include radiation, hydrocarbons, pesticides, alcohol use, 

cigarette smoking, illicit drug use or reproductive history as well as birth 

characteristics.157 158 The most common symptom of acute leukemia ap-

pearing much earlier is fever whereas the most common symptom of 

chronic leukemia occurring to a subsequent date is a hepatosplenomeg-

aly representing an enlargement of the liver and the spleen mainly be-

cause of an infection.159  
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2.11.1 Sports & Exercise Training on Leukemia Incidence 

 

Due to a disturbance of the haematopoiesis, white blood cell (WBC) 

count abnormally increases while a shortage of fully functional white 

blood cells resp. declines of red blood cells and platelets are given 

whereby anemia can arise. A study recruited 26 men aged older than 65 

years and allocated them into a control group (CG) with no history of 

regular exercise and into an exercise group (EG) with a history of sports 

and exercise training since adulthood for a mean of 4 weekly sessions of 

60 - 120 min. per session and got to the result that WBC count was de-

creased in the EG as well as serological inflammatory and endocrine 

biomarkers were improved in the EG as compared to the CG.160 Another 

study recruited 5 young active male subjects aged 25,4 years on average 

and exercising about 6 hours per week whereby all of them performed a 

high-intensity treadmill running test at 80% of the maximal oxygen up-

take (VO2max) being evaluated two weeks before by a progressive exer-

cise test on ergometer and 2 weeks later, the same treadmill running test 

at 60% of the maximal oxygen uptake (VO2max) whereby both tests be-

gan with 8 km/h, increased every 3 min. by 2 km/h. The final conclusion 

was that shortly after the test, only lymphocytes were reduced by moder-

ate intensity whereby all other values showed increases whereas 1 hour 

after the test, lymphocytes were reduced under the baseline values by 

both tests while total WBC count was reduced under the blood volume 

by moderate-intensity resp. reduced as against shortly after the test val-

ues by high-intensity and granulocytes and monocytes were increased by 

both tests.161  
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2.11.2 Sports & Exercise Training on Palliative Care of Leukemia 

 

A study involved 6 young patients aged 5 - 16 years with acute lympho-

cytic leukemia performing a 12-week in-hospital sports and exercise 

training consisting of 2 weekly sessions of 10 min. warm-up on the 

treadmill, 30 min. resistance training of 2 sets of 15 maximum repeti-

tions in week 1 resp. 4 sets of 6 - 10 maximum repetitions throughout the 

other weeks (bench press, leg press, lat pulldown, leg extension, seated 

row) as well as 20 min. of treadmill running at 70% of the maximal oxy-

gen uptake at the point of voluntary stopping (VO2peak) whereby individ-

ual settings were evaluated by a treadmill test and by a 10-maximum 

repetition test with the outcome that muscular strength and the quality of 

life were improved.162 Already a short 20 - 30 min. endurance training on 

a cycle ergometer of an initial load of 25 W, increased by 10 W every 2 

min. with the superior heart rate limit of 180 - age and performed three 

times per week declines incidence rate of pneumonia and fever as poten-

tial risk factors of leukemia and common appearances during chemother-

apy.163 
 

 

 

 

2.12 Non-Hodgkin Lymphoma 
 

Non-Hodgkin Lymphoma represents the cancer with the 12th highest 

mortality rate with 199.670 cancer deaths in 2012 worldwide by being 

the 9th most common and 11th deadliest cancer in 2012 among men resp. 

the 11th most common and 12th deadliest cancer in 2012 among women 

with an incidence rate of 217.643 new cases as well as a mortality rate of 

115.404 deaths in 2012 among men resp. an incidence rate of 168.098 

new cases as well as a mortality rate of 84.266 deaths in 2012 among 
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women.2 Non-Hodgkin Lymphoma is a type of blood cancer originating 

from white blood cells called B- or T-lymphocytes being responsible for 

protecting everyone’s immune system from endogenous or exogenous 

harmful cells or substances such as viruses and bacteria, but shall not be 

confused with Hodgkin Lymphoma whose difference is the occurrence 

of the Reed-Steinberg-Cell in the light microscopy in the biopsy. The 

most notable environmental risk factors include heavy alcohol consump-

tion, heavy tobacco smoking, the excessive usage of hair dye products, 

UV- or ionizing radiation, diet including higher intake of fat and lower 

intake of fruits and vegetables, physical inactivity as well as chemical 

exposures whereas medical risk factors comprise infectious agents, obe-

sity, autoimmune diseases, family history, blood transfusion, organ 

transplantation and medications such as statins or antibiotics.184 The 

most common symptoms of Non-Hodgkin Lymphoma (NHL) are pain-

less swellings in the neck, armpit and/or groin being body locations with 

groups of lymph nodes that produce and store cells against infections 

whereby other symptoms may include excessive nocturnal sweating, 

inexplicable wild fluctuations of body temperature as well as steep 

weight loss.185 

 

 

 

2.12.1 Sports & Exercise Training on Non-Hodgkin Lymphoma Inci-

dence 

 

A study involved 1.030 NHL cases and 3.106 controls being interviewed 

by questionnaires about everyone’s physical activity level, energy intake 

and BMI and observed from 1994 - 1997 with the final conclusion that 

those men exercising 19,1 or more MET-hours per week had odds ratios 
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of 0,75 - 0,79 and those women exercising 15,2 or more MET-hours per 

week had ORs of 0,58 - 0,59 compared to those subjects exercising less 

6,4 (men) resp. 6,1 (women) MET-hours per week.186 1 MET (metabolic 

equivalent) is the rate of energy expenditure at rest whereby intensities 

of physical activities under 3 METs are considered to be as light, be-

tween 3 and 6 METs as moderate resp. above 6 METs as vigorous. 

MET-hours are calculated by METs times minutes of physical activities 

divided by 60. Another, more recent study incorporating 950 NHL cases 

and 1.146 controls with a median age of 63 years being interviewed by 

questionnaire, too, arrived at the result that particularly BMI at young 

age, but also higher levels of physical activity may be factors to reduce 

risk of NHL pre-eminently in females while adult BMI and adult physi-

cal activity showed no association when men and women were pooled 

together although high-intensity sports and exercise training at young 

age may be suggested for reduced risk of NHL.187 Another interesting 

approach would be the fact that low HDL-cholesterol levels seem to be 

associated with increased risk of NHL independent of other factors such 

as obesity or sports and exercise training usually affecting cholesterol 

whereby HDL-cholesterol levels can be significantly increased by com-

bined endurance and resistance training of 3 weekly 60 min. sessions 

involving 20 min. of cycling at 60% of the maximal oxygen uptake at the 

point of voluntary stopping (VO2peak) and whole-body exercises (bench 

press, shoulder press, biceps curls, triceps extensions, sit-ups and leg 

press) of 1 set of 10 - 15 maximum repetitions.188 174 
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2.12.2 Sports & Exercise Training on Palliative Care of Non-Hodgkin 

Lymphoma 

 

The quality of life is positively associated with increased mental and 

physical health of NHL patients and survivors wherefore 319 NHL sur-

vivors with a median age of 59,8 years were interviewed and accompa-

nied by questionnaire 2 - 5 years after diagnosis with the final outcome 

that those ones exercising 150 or more min. per week at moderate-to-

high intensity reported mental and physical health benefits inclusive of 

decreased levels of depression and anxiety in comparison with those who 

were sedentary.189 Relevant to the afore-mentioned topic of improved the 

quality of life, another study recruited 122 patients with lymphoma and 

randomly allocated them into a usual care group (UG) and a supervised 

endurance training group (AEG) performing a 12-week sports and exer-

cise training program on a cycle ergometer of 3 weekly sessions of 15 - 

20 min. for weeks 1 - 4 increased by 5 min. per week until 40 - 45 min. 

were reached at 60% of the maximal oxygen uptake at the point of vol-

untary stopping (VO2peak) in week 1 increased by 5% per week until 75% 

was reached to investigate improvements in sleep quality by Pittsburgh 

Sleep Quality Index (PSQI) with the final result that the AEG may im-

prove sleep quality merely from the point of view that patients already 

had poor sleep quality with or without adversely influencing clinical 

features including indolent, but not aggressive NHL at baseline.190 
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2.13 Brain Cancer 
 

Brain Cancer represents the cancer with the 13th highest mortality rate 

with 189.382 cancer deaths in 2012 worldwide by being the 13th most 

common and 12th deadliest cancer in 2012 among men resp. the 16th 

most common and 13th deadliest cancer in 2012 among women with an 

incidence rate of 139.608 new cases as well as a mortality rate of 

106.376 deaths in 2012 among men resp. an incidence rate of 116.605 

new cases as well as a mortality rate of 83.006 deaths in 2012 among 

women.2 There are many types of brain tumors, but the most common 

types comprise gliomas, meningiomas as well as pituitary and nerve 

sheath tumors whereby gliomas arising from glial cells being responsible 

for maintaining homeostasis, producing myelin as well as supplying 

neurons with oxygen and nutrients account for 80% of all malignant 

brain tumors.191 192 When genetic risk factors are excluded, proven envi-

ronmental risk factors merely include high-dose ionizing radiation while 

heavy alcohol consumption, chemical agents, cellphones, head traumas 

or injuries, infections, occupational exposures to rubber or vinyl chloride 

and tobacco smoking may also play a role, which have not been proven 

yet. Symptoms of brain cancer embrace headache, memory loss, cogni-

tive changes, motor deficit, language deficit and seizures, but also per-

sonality change, visual problems, consciousness change, nausea, vomit-

ing, sensory deficit as well as clearly visible papilledema.193 

 

 

 

2.13.1 Sports & Exercise Training on Brain Cancer Incidence 

 

A study was concerned with glioma being the most common form of 

brain cancer and detected that high-, moderate- and/or light-intensity 

physical activity of at least 51,6 MET-hours per week between ages 15 
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and 18 was inversely associated with glioma risk whereas physical activ-

ity in adults was not affected by that whereby BMI was also solely asso-

ciated with reduced risk of glioma during adolescence, but not in adult-

hood.194 1 MET (metabolic equivalent) is the rate of energy expenditure 

at rest whereby intensities of physical activities under 3 METs are con-

sidered to be as light, between 3 and 6 METs as moderate resp. above 6 

METs as vigorous. MET-hours are calculated by METs times minutes of 

physical activities divided by 60. Another interesting subject area could 

be a potential connection between brain cancer and stroke due to stroke-

like syndromes such as progressive weakness of the right upper and low-

er limbs, headache, blurring of vision or slurring has already been able to 

be observed in the past.195 Therefore, resistance training to increase in-

dependence in daily activities, flexibility training to increase range of 

motion, balance training to improve coordination and endurance training 

of moderate intensity to increase physical capacity and reduce risk of 

cardiovascular diseases should be performed at least three times per 

week for 20 - 60 min. each session to provide protective benefits in the 

prevention and recurrence of stroke or to improve functional outcomes in 

stroke survivors.196 

 

 

 

2.13.2 Sports & Exercise Training on Brain Cancer Mortality 

 

Concerning a potential association between sports and exercise training 

and reduced risk of brain cancer, a study recruited 111.266 runners and 

42.136 walkers and accompanied them 11,7 years on average where 110 

brain cancer deaths were identified and finally arrived at the result that 

runners and walkers exercising 1,8 or more MET-hours per day had a 
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42,5% lower risk of brain cancer mortality.197 Another study attending to 

glioma involved 243 patients with grade 3 - 4 recurrent malignant glioma 

primarily completing a questionnaire to assess physical activity levels, 

subsequently performing a 6-minute walk test (6MWT) and lastly being 

followed up with the final outcome that those patients exercising 9 or 

more MET-hours per week averagely survived 21,84 months and also 

had a much higher survival probability compared to those patients exer-

cising less than 9 MET-hours per week with a median survival of 13,03 

months and a much smaller survival probability whereas better or weak-

er outcomes in the 6MWT seemed to have no influence on survival time 

or survival probability of those patients.198 

 

 

 

2.13.3 Sports & Exercise Training on Palliative Care of Brain Cancer 

 

Sports and exercise training can also improve functional outcomes of 

brain cancer patients what was illustrated by a study containing 75 brain 

cancer patients who underwent surgery and 75 patients who were affect-

ed by a stroke whereby all of them participated in a 2-year sports and 

exercise training program of 6 weekly 60 min. sessions including 10 

min. stretching and 10 min. strengthening of the whole body, 15 min. 

strengthening of the upper limb and/or hands, 10 min. balance exercises 

in sitting and standing positions as well as 15 min. ground-floor walking 

with and without assistance with additional benefits for the quality of 

life.199
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2.14 Bladder Cancer 
 

Bladder Cancer represents the cancer with the 14th highest mortality rate 

with 165.084 cancer deaths in 2012 worldwide by being the 7th most 

common and 10th deadliest cancer in 2012 among men resp. the 19th 

most common and 17th deadliest cancer in 2012 among women with an 

incidence rate of 330.380 new cases as well as a mortality rate of 

123.051 deaths in 2012 among men resp. an incidence rate of 99.413 

new cases as well as a mortality rate of 42.033 deaths in 2012 among 

women.2 The most important risk factor for the development of bladder 

cancer is an exposure to aromatic amines being increasingly used as 

starting products for the production of pharmaceutical substances, pesti-

cides, synthetic material or dyestuff whereas other well-known risk fac-

tors include tobacco smoking and arsenic in drinking water.177 The most 

prevalent clinical symptoms contain haematuria in about 65% of men 

resp. 68% of women, nocturia in about 57% of men resp. 66% of wom-

en, urgency in about 61% of men resp. 47% of women and dysuria in 

about 32% of men resp. 44% of women.178  

 

 

 

2.14.1 Sports & Exercise Training on Bladder Cancer Incidence 

 

Regarding a potential association between sports and exercise training 

and reduced bladder cancer risk, a study recruited 803 Caucasian bladder 

cancer patients and 803 healthy Caucasian subjects in 1999 and obtained 

information by questionnaire about everyone’s approximate daily energy 

intake and physical activity level being calculated by MET. The final 

outcome indicated that intensive physical activity of 25 or more METs 
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combined with a medium daily energy intake of 1738 - 2312 kcal 

achieved the best results and may have protective effects with an odds 

ratio of 0,76 whereby also people with high energy intake of more than 

2312 kcal/d, low physical activity of less than 9 METs and 7 or more 

unfavorable genotypes may have 21,93-fold increased risk for bladder 

cancer as against those with low energy intake of less than 1738 kcal/d, 

intensive physical activity of 25 or more METs and a low number of 

unfavorable genotypes.179 1 MET (metabolic equivalent) is the rate of 

energy expenditure at rest whereby intensities of physical activities un-

der 3 METs are considered to be as light, between 3 and 6 METs as 

moderate resp. above 6 METs as vigorous. MET-hours are calculated by 

METs times minutes of physical activities divided by 60. As opposed to 

that, another prospective study containing 471.760 men and women from 

the USA found no correlation between any levels of physical activity and 

reduced bladder carcinogenesis whereat obesity was modestly linked to 

risk of bladder cancer.180 All in all, behavioral and lifestyle factors such 

as pelvic floor muscle exercises can significantly increase bladder health 

by improving contraction, relaxation and resistance of the urinary blad-

der as well as sports and exercise training could be a suitable adjuvant 

therapy due to a high coincidence of bladder and prostate cancer that 

might be outlined by a common and similar carcinogenic pathway.181 182 

 

 

 

2.14.2 Sports & Exercise Training on Palliative Care of Bladder Cancer 

 

However, sports and exercise training is also positively associated with 

health benefits in bladder cancer survivors including increased the quali-

ty of life and reduced cancer-related fatigue what could also be illustrat-

ed by a study containing 525 bladder cancer survivors whereby 
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appropriate sports and exercise training guidelines cannot be adhered by 

a lot of bladder cancer patients especially when they undergo cystectomy 

what in turn should be contemplated.183 

 

 

 

 

2.15 Ovarian Cancer 
 

Ovarian cancer represents the cancer with the 15th highest mortality rate 

with 151.917 cancer deaths in 2012 worldwide by being the 7th most 

common and 8th deadliest cancer in 2012 among women with an inci-

dence rate of 238.719 new cases as well as a mortality rate of 151.917 

deaths in 2012 among women.2 Ovarian cancer emanates from epithelial 

tissue whereby serous cystomas, mucinous cystomas, endometroid tu-

mors, clear-cell tumors and other unclassified or malignant tumors can 

occur.135 “The most significant risk factor, hereditary ovarian cancer 

syndrome, increases the possibility of developing ovarian cancer by 25% 

- 50%. Women have a 4% - 5% increased risk if a single family member 

was diagnosed with ovarian cancer, whereas those with two or more 

family members have a 7% increased risk. Other hereditary syndromes 

are site-specific ovarian cancer, breast-ovarian cancer, and the family 

cancer syndrome. Breast-ovarian cancer syndrome causes almost 90% of 

hereditary ovarian cancers and usually is associated with mutations in 

BRCA1 or BRCA2 genes. Hormonal risk factors include nulliparity, 

infertility, early menarche, late menopause, and endometriosis. Envi-

ronmental and lifestyle risk factors are diet and obesity. Perineal talc 

exposure also is a risk factor …”.135 The most substantial symptoms that 

should be paid attention to are abdominal swelling, pelvic pain, ab-
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dominal bloating, but also vaginal bleeding, vaginal discharge, altered 

bowel habits and indigestion.136  

 

 

 

2.15.1 Sports & Exercise Training on Ovarian Cancer Incidence 

 

An association between physical activity and reduced risk of ovarian 

cancer is slightly given by exercising 23 or more MET-hours per week at 

high intensity.137 Another study also came to the final conclusion that 

women exercising 31,5 or more MET-hours per week had got a 27% 

reduced risk of ovarian cancer than women exercising nothing as well as 

light and moderate physical activity levels were not associated with re-

duced ovarian cancer risk resp. longer sitting of 6 or more hours per day 

was associated with higher risk of ovarian cancer as against sitting of 

less than 3 hours per day.138 1 MET (metabolic equivalent) is the rate of 

energy expenditure at rest whereby intensities of physical activities un-

der 3 METs are considered to be as light, between 3 and 6 METs as 

moderate resp. above 6 METs as vigorous. MET-hours are calculated by 

METs times minutes of physical activities divided by 60. Regarding 

hormonal influences, the Gonadotropin-releasing hormone (GnRH) con-

trolling the secretion of Follitropine (FSH) and Lutropin (LH) from the 

adenohypophysis and hence possibly playing a role in ovarian cancer by 

changing signaling pathways, affecting gene expression or increasing 

tumor cell proliferation are highly expressed in epithelial ovarian can-

cer.139 Because of the fact that, in turn FSH and LH concurrently stimu-

late the secretion and expression of sexual hormones from the ovaries, 

we could just take it as read that those sexual hormones are also highly 

expressed in ovarian cancer. Confirmation by current literature is scarce, 

but BRCA1/BRCA2 mutation carriers showing higher levels of estrogen 

and estradiol whereby high estradiol levels is associated with higher risk 
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in ovarian carcinogenesis in such women.140 A study reached the conclu-

sion of decreased levels of estrone, estradiol, testosterone and andros-

tenedione by doing combined reduced-calorie weight loss diet being 

comprised of a daily energy intake of 1.200 - 2.000 kcal including 30% 

or less from fat and moderate- to vigorous-intensity endurance training 

on the treadmill consisting of a 12-month sports and exercise training 

intervention of 5 weekly sessions of 225 min. per week at an intensity of 

70% - 85% of the maximal heart rate (HRmax) measured by a maximal 

graded treadmill test by previously allocating 439 postmenopausal wom-

en aged 50 - 75 into 4 groups (control, only diet, only exercise, diet + 

exercise) and comparing the outcomes.48 

 

 

 

2.15.2 Sports & Exercise Training on Ovarian Cancer Progression 

 

Among the genes showing the greatest up-regulation in ovarian cancer 

and high-risk population is interleukin-8 (IL-8) whereas sports and exer-

cise training is able to increase IL-8 levels in healthy individuals and 

decrease IL-8 levels in patients with metabolic syndrome doing a 3-

month combined training consisting of 40% endurance training of walk-

ing, jogging or cycling at 80% of the maximal heart rate (HRmax) and 

60% resistance training of 15 - 20 repetitions each exercise three times 

per week lasting 45 - 60 min. each whereby also a 12-week moderate-

intensity endurance training consisting of 3 weekly sessions of 40 - 50 

min. of walking at 50% - 60% of the heart rate reserve (HRres) being 

calculated by maximal heart rate minus resting heart rate also signifi-

cantly decreases IL-8.141 90 91 Also endothelin-1 (ET-1), a protein and 

vasoconstrictor being produced by vascular endothelial cells, is highly 
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overexpressed in primary and metastatic ovarian cancer whereas a 24-

week sports and exercise training intervention conducted four times per 

week of mere endurance training involving 60-min. brisk walking at 

60% - 70% of the maximal heart rate (HRmax) or combined endurance 

and resistance training of a shortened 20-min. brisk walking workout at 

the same heart rate and of 30-min. resistance training of the upper arm, 

chest, waist, abdomen and legs at 2 - 4 sets of 15 - 20 repetitions each 

decreases levels of ET-1.142 143 

 

 

 

2.15.3 Sports & Exercise Training on Palliative Care of Ovarian Cancer 

 

The intensity of sports and exercise training should be upheld high to 

increase the benefits in relation to ovarian cancer whereas also a 24-

week light- to moderate-intensity endurance training of brisk walking at 

60% - 70% of the maximal heart rate (HRmax) or at 4 - 7 on a 10-point 

rate of perceived exertion (RPE) scale ranging from 1 (very light) – 10 

(very hard) combined with 10 strength exercises (squats, push-ups, seat-

ed row, hamstring curls, lateral raises, triceps extension, biceps curls, 

upright rows, crunches, hip extension) of 2 sets of 8 - 12 repetitions each 

exercise comprising 3 - 5 weekly sessions lasting 30 - 60 min. each ses-

sion significantly increases physical fitness and the quality of life in pa-

tients with ovarian cancer.144 Increased moderate to vigorous physical 

activity is associated with increased quality of life and increased physical 

well-being during chemotherapy being in turn a prognostic indicator for 

overall survival in women undergoing chemotherapy for ovarian can-

cer.145 
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2.16 Kidney Cancer 
 

Kidney Cancer represents the cancer with the 16th highest mortality rate 

with 143.406 cancer deaths in 2012 worldwide by being the 10th most 

common and 13th deadliest cancer in 2012 among men resp. the 15th 

most common and 16th deadliest cancer in 2012 among women with an 

incidence rate of 213.924 new cases as well as a mortality rate of 90.802 

deaths in 2012 among men resp. an incidence rate of 123.936 new cases 

as well as a mortality rate of 52.604 deaths in 2012 among women.2 

Well-established risk factors except genetic factors include tobacco 

smoking, obesity and hypertension resp. risk factors having less evidence 

range from diabetes mellitus to reproductive and hormonal factors pri-

marily in women as well as physical inactivity and occupational expo-

sure to industrial chemical agents Trichloroethylene (TCE).200 On the 

other hand, primary symptoms embrace hematuria, bone pain combined 

with general pain and lingering cough resp. secondary symptoms com-

prise shortness of breath, continued fever, weight loss, lack of energy as 

well as weariness.201 

 

 

 

2.16.1 Sports & Exercise Training on Kidney Cancer Incidence 

 

In the past, high-quality studies noticed that high-level physical activity 

is inversely associated with increased risk of kidney cancer whereby 

other well-established or potential risk factors were not observed.202 A 

study observed 289.503 men and 192.883 women aged 50 - 71 years 

from 1995 - 2003 and thereby determined everyone’s physical activity 

level during adolescence and nowadays by baseline questionnaire by 
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information of how often they exercised at least 20 min. between ages 15 

- 18 and exercise at least 20 min. in the present that causes sweating, 

increased breathing and/or increased heart rate whereat 929 men and 309 

women were diagnosed with kidney cancer and the final outcome 

showed the most benefits of physical activity for reduced kidney cancer 

risk by exercising three - four times per week during adolescence, 5 or 

more times per week in the present and regularly climbing stairs or hills 

or lifting light weights.203 Another study detected that people with highly 

above-average IGF-I levels had a significantly reduced risk to develop 

kidney cancer in comparison with those having highly below-average 

IGF-I levels as well as a non-significantly positive association for higher 

IGFBP-3 levels in respect to kidney cancer whereby the investigated 

group merely consisted of male smokers aged 50 - 69 years.204 On the 

other hand, resistance training what was tested in 11 healthy individuals 

can significantly increase IGF-I levels. Those ones performed 3 repeti-

tions of knee extension under alternating concentric and eccentric condi-

tions at 40% resp. 110% of the 1 repetition maximum whereby higher 

increases of IGF-I levels were ascertained during the trial with 40% of 

the 1 repetition maximum whereas neither a short-term high-intensity 

endurance training (HIT) nor a high-volume endurance training (HVT) 

affected IGF-I levels, but solely a HIT also significantly increased 

IGFBP-3 levels what can be seen as counterproductive for risk reduction 

of kidney cancer.205 206 IGF-I is a protein being secreted by the liver after 

the stimulation of somatotropin representing the human growth hormone 

(HGH) and being responsible for the growth process of all types of tis-

sues whereas IGFBP-3 binds to IGF-I in the liver and promotes the stim-

ulation of somatotropin. Another study interviewed 91.820 subjects to 

assess everyone’s physical activity level and accompanied them between 

1991 and 1993 resp. between 1998 and 1999 as well as arrived at the 

result that also endurance training in the form of walking and running 

12,6 or more MET-hours per week may be positively associated 
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with reduced risk of kidney cancer.207 1 MET (metabolic equivalent) is 

the rate of energy expenditure at rest whereby intensities of physical 

activities under 3 METs are considered to be as light, between 3 and 6 

METs as moderate resp. above 6 METs as vigorous. MET-hours are 

calculated by METs times minutes of physical activities divided by 60. 

Because of the fact that hypertension is a well-established risk factor for 

kidney cancer, prescribed sports and exercise training should contain 2 - 

3 weekly sessions of resistance training of 10 exercises per session with 

8 - 25 repetitions at about 60% of the 1 repetition maximum and 3 week-

ly sessions of endurance training of at least 40 min. per session at about 

65% of the heart rate reserve (HRres) being calculated by maximal heart 

rate minus resting heart rate to decrease hypertension and even-handedly 

the risk of kidney cancer.208 Also obesity and logically metabolic syn-

drome are both associated with increased risk of kidney cancer, whereby 

a combination of moderate-intensity endurance training having the much 

greater energy expenditure with resistance training having much greater 

benefits in improvements of lipid profiles and insulin resistance during 

additional dietary energy restriction, which is more effective in promot-

ing weight loss, preventing obesity and reducing the risk of kidney can-

cer.209 

 

 

 

 

2.17 Gallbladder Cancer 
 

Gallbladder Cancer represents the cancer with the 16th highest mortality 

rate with 143.406 cancer deaths in 2012 worldwide by being the 15th 

most common and 14th deadliest cancer in 2012 among men resp. the 
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18th most common and 14th deadliest cancer in 2012 among women with 

an incidence rate of 76.844 new cases as well as a mortality rate of 

60.339 deaths in 2012 among men resp. an incidence rate of 101.257 

new cases as well as a mortality rate of 82.484 deaths in 2012 among 

women.2 The only well-established risk factor of gallbladder cancer is 

the appearance of gallstones whereat gallstones alone merely account for 

a small percentage for gallbladder cancer development whereas other 

potential accompanying risk factors obesity or cholecystitis together with 

cholelithiasis also play a major role to increase the risk.218 Other non-

specific risk factors may include abnormal pancreaticobiliary duct junc-

tion, heavy red meat consumption, heavy tobacco smoking, chronic bili-

ary infections, porcelain gallbladder as well as diabetes mellitus whereas 

symptoms are hard to perceive, but may comprise abdominal pain, unex-

pected and sudden weight loss, continued or fulminating fever as well as 

jaundice.219 

 

 

 

2.17.1 Sports & Exercise Training on Gallbladder Cancer Incidence 

 

Concerning a potential association between physical activity and hepato-

biliary cancers, a study involved 507.897 participants aged 50 - 71 by 

completing a questionnaire of how often physical activity that increases 

respiration, heart rate or perspiration is done whereby never (1), rarely 

(2), one to three times per month (3), one to two times per week (4), 

three to four times per week (5) and five or more times per week (6) 

were the options listed with the final outcome that five or more times per 

week may have the potential of reducing the risk of gallbladder cancer.67 

One reason can be that high-level physical activity also contributing to 

lower biliary cholesterol levels and preventing cholesterol to precipitate 

in the bile reduces the risk of gallstones by up to 70% after
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5 years and by up to 30% after 14 years compared to low-level physical 

activity being associated with gallstone formation.220 221 A combined 

endurance and resistance training and concurrent dietary energy re-

striction is able to avoid obesity and metabolic syndrome by interval 

training of 4 x 4 min. at 90% of the maximal heart rate (HRmax) with 3 

min. active recoveries at 70% of the maximal heart rate (HRmax) in be-

tween with 10 min. warm-up and 5 min. cool down as well as continuous 

moderate endurance training (CME) of 47 min. at 70% of the maximal 

heart rate (HRmax) can  help to reduce risk of gallbladder cancer.214 

 

 

 

 

2.18 Multiple Myeloma 
 

Multiple myeloma represents the cancer with the 18th highest mortality 

rate with 80.019 cancer deaths in 2012 worldwide by being the 17th most 

common and 15th deadliest cancer in 2012 among men resp. the 20th 

most common and 18th deadliest cancer in 2012 among women with an 

incidence rate of 62.469 new cases as well as a mortality rate of 43.091 

deaths in 2012 among men resp. an incidence rate of 51.782 new cases 

as well as a mortality rate of 36.928 deaths in 2012 among women.2 

Multiple myeloma represents a type of cancer where the number of ma-

lignant plasma cells is progressively increased in the bone marrow, 

bones or other tissues whereby concurrently large amounts of 

paraproteins being disease-causing are also produced while healthy 

plasma cells being usually responsible for immune defense and the pro-

duction of antibodies are suppressed and healthy defensive proteins are 

insufficiently produced.222 Risk factors of multiple myeloma are general-
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ly unknown whereat a BMI above 30, walking less than 30 min. per day, 

discontent in personal and/or occupational lives as well as history of 

peptic ulcers could contribute to increase risk of multiple myeloma.223 

The most important symptoms of multiple myeloma are the CRAB 

symptoms including hypercalcemia, renal insufficiency, anemia and 

bone lesions whereby also non-CRAB symptoms such as infections, 

cryoglobulinemia, secondary gout, leukemia, hemorrhage, systemic 

symptoms (e.g. fever, weight loss), amyloidosis, hyperviscocity syn-

drome, neuropathy (e.g. nerve root compression) or extramedullary in-

volvement could also play a minor role.224 

 

 

 

2.18.1 Sports & Exercise Training on Multiple Myeloma Incidence 

 

A study containing 121.700 women aged 30 - 55 years and 51.529 men 

aged 40 - 75 years being followed from 1976 (women) resp. 1986 (men) 

until multiple myeloma diagnosis, death or 2002 and being also inter-

viewed by questionnaires every 2 years from baseline about their BMIs 

and physical activity levels whereby a BMI above 30 was most badly 

associated with increased risk of multiple myeloma while an inverse 

association of physical activity in respect to multiple myeloma risk was 

merely achieved in women exercising 2 or more hours per week without 

a statistically significant risk reduction in men.225 So sports and exercise 

training seems to be appropriate at preventing too high BMIs whereas a 

solely protective effect remains unclear. But also CRAB symptoms, the 

most common symptoms in multiple myeloma, can be partially trained 

and improved by sports and exercise training. A decrease in intracellular 

calcium and an increase in parathormone (PTH) regulating the calcium 

level and maybe also helping bone metabolism is achieved by just a sin-

gle bout of sports and exercise training whereby 45 min. endurance train-
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ing sessions at already 50% of the maximal oxygen uptake (VO2max) is 

recommended every 72 hours because of reduced intracellular calcium, 

increased PTH as well as improved calcium homeostasis.226 Renal insuf-

ficiency can also be prevented by regular sports and exercise training due 

to positively influencing blood pressure resp. reducing excess body 

weight, insulin resistance and vessel rigidity as potential risk factors 

whereby at least a moderate endurance training of 30 min. and a moder-

ate resistance training of 12 - 15 repetitions per set should be per-

formed.227 Sports and exercise training also increases total hemoglobin 

mass and consequently counteracts anemia representing the decrease of 

red blood cells by stimulating erythropoiesis and subsequently increasing 

the amount of oxygen by higher demands of working skeletal muscles to 

optimize microcirculation and to provide the vasodilator nitric oxide.228 

Concerning the prevention of bone lesions, high-impact type of sports 

and exercise training improves bone mineral density (BMD), bone min-

eral content (BMC) as well as bone strength what should be promoted at 

young age, too.229 Another study involving 135 patients with multiple 

myeloma being randomly allocated into a usual care group (UG) and an 

exercise group (EG) of a combined endurance training comprising 20 

min. of daily walking and a moderate resistance training was concerned 

with the impacts of sports and exercise training and additional erythro-

poietin (EPO) therapy three times per week and found out that the EG 

with EPO therapy reduced the number of red blood cell transfusions and 

simultaneously increased cardiorespiratory fitness in those patients.230 

Another interesting factor that should be taken into consideration is that 

the activity of natural killer cells being responsible for killing cancer, 

tumor and virus-infected cells is also increased during recovery of a 30 

min. endurance training slightly below or above the anaerobic 
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threshold (AT) in 16 healthy cyclists aged 18 - 50 years on average being 

previously tested in a lactate threshold test including 3 min. incremental 

stages with increases of 20 - 25 W per stage.231 

 

 

 

 

2.19 Endometrial Cancer 
 

Endometrial Cancer represents the cancer with the 19th highest mortality 

rate with 76.160 cancer deaths in 2012 worldwide by being the 6th most 

common and 15th deadliest cancer in 2012 among women with an inci-

dence rate of 319.605 new cases as well as a mortality rate of 76.160 

deaths in 2012 among women.2 A review of the literature showed that 

the risk of endometrial cancer is increased by older age, early menarche 

and late menopause, obesity, family history whereby close family mem-

bers are pre-eminently affected, radiation exposure, increased estrogen 

and decreased progesterone levels as well as infertility particularly in the 

presence of Polycystic Ovary Syndrome (POS) representing an endo-

crine disorder leading to high androgen levels and being mostly diag-

nosed in obese women.210 The most common symptom is abnormal uter-

ine and/or irregular menstrual bleeding being considered a warning sign 

and a high-risk factor for malignancy in endometrial cancer.211 

 

 

 

2.19.1 Sports & Exercise Training on Endometrial Cancer Incidence 

 

A study lasting from 2002 - 2006 involved 542 endometrial cancer cases 

and 1.032 controls being interviewed about their physical activity levels 

with the final outcome that light-intensity physical activity of less than 3 
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METs being performed more than 21,6 hours per week had the best OR 

of 0,68 and the most benefits in reducing endometrial cancer risk.212 1 

MET (metabolic equivalent) is the rate of energy expenditure at rest 

whereby intensities of physical activities under 3 METs are considered 

to be as light, between 3 and 6 METs as moderate resp. above 6 METs as 

vigorous. MET-hours are calculated by METs times minutes of physical 

activities divided by 60. Internally inconsistent, most of the studies in the 

recent past showed apparent risk reduction by doing moderate-to-

vigorous physical activity that may complement increasing daily sitting 

time that progressively increases the risk of endometrial cancer.213 Com-

bined endurance and resistance training and concurrent dietary energy 

restriction can prevent obesity being a well-established risk factor and 

metabolic syndrome whereby regarding endurance training, interval 

training (AIT) consisting of 4 x 4 min. intervals at 90% of the maximal 

heart rate (HRmax) with 3 min. active recoveries at 70% of the maximal 

heart rate (HRmax) in between with 10 min. warm-up and 5 min. cool 

down as well as continuous moderate endurance training (CME) of 47 

min. at 70% of the maximal heart rate (HRmax) can be applied at least 

three times per week whereat both types were effective at reducing body 

weight and body fat with light advantages for CME while AIT showed 

better outcomes in insulin signaling and reducing blood glucose, but also 

conversely in decreasing lipogenesis, which was tested in 32 metabolic 

syndrome patients being randomly allocated into an AIT, a CME and a 

control group.214 A potential connection between endometrial and breast 

cancer is the increased risk of both cancer types by increased levels of 

estrogen. Because estrogen at high levels significantly increase the risk 

of endometrial cancer 5-fold and beyond whereby a difference exists by 

various risk factor levels in progesterone.215 Therefore 10 healthy, 

premenopausal and eumenorrheic women aged 25 - 35 years and classi-
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fied at high risk of breast cancer, were recruited in a study lasting 7 men-

strual cycles and consisting of a home-based sports and exercise training 

program on a treadmill altogether lasting 12 weeks and starting after the 

2nd menstrual cycle whereby 3 women did not remain until completion of 

the study. Each participant had to perform 3 weekly sessions of overall 

150 min. in weeks 1 and 2, 200 min. in weeks 3 and 4, 225 min. in 

weeks 5 and 6, 250 min. in weeks 7 and 8, 275 min. in weeks 10 and 11 

as well as 300 min. in weeks 11 and 12 whereby one session had to last 

at least 15 min., but was not allowed to exceed 100 min. including an 

intensity of 80% - 85% of the maximal heart rate (HRmax) being primari-

ly evaluated by an incremental treadmill test with the result of lower 

total estrogen and total progesterone levels whereas the menstrual cycle 

length was not influenced.42 “Hyper-insulinemia, low free IGF-I, and 

high estradiol levels may together account for a substantial proportion of 

endometrial cancers because they are each common exposures with 

moderate to strong associations with the risk for endometrial cancer”.216 

Another study got to the outcome of reduced levels of estrone, estradiol, 

testosterone and androstenedione that may reduce risk of endometrial 

cancer by doing combined reduced-calorie weight loss diet being com-

prised of a daily energy intake of 1.200 to 2.000 kcal including 30% or 

less from fat and moderate- to vigorous-intensity endurance training on 

the treadmill consisting of a 12-month sports and exercise training inter-

vention of 5 weekly sessions of 225 min. per week at an intensity of 70% 

- 85% of the maximal heart rate (HRmax) measured by a maximal graded 

treadmill test by previously allocating 439 postmenopausal women aged 

50 - 75 into 4 groups (control, only diet, only exercise, diet + exercise) 

and comparing the outcomes.48 IGF-I levels can in turn be significantly 

increased by resistance training at low- to high-intensity of the 1 repeti-

tion maximum whereas neither a short-term high-intensity endurance 

training nor a high-volume endurance training affected IGF-I levels 
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whereby potential alterations in IGF-I levels should also be verified after 

high-intensity endurance training.205 206 

 

 

 

2.19.2 Sports & Exercise Training on Endometrial Cancer Mortality 

 

Obesity is a well-established risk factor whereby in patients suffering 

from endometrial cancer, the endometrial cancer-specific mortality is 

still much higher than the all-cause mortality for progressively elevated 

BMI levels in comparison with normal BMI levels.217 As mentioned 

before, combined interval training of 4 x 4 min. intervals at 90% of the 

maximal heart rate (HRmax) with 3 min. active recoveries at 70% of the 

maximal heart rate (HRmax) in between with 10 min. warm-up and 5 min. 

cool down as well as continuous moderate exercise (CME) of 47 min. at 

70% of the maximal heart rate (HRmax) being applied at least three times 

per week and simultaneous dietary energy restriction can prevent obesity 

with slight advantages for CME in reducing body fat while AIT showed 

better outcomes in insulin signaling and reducing blood glucose, but also 

conversely in decreasing lipogenesis.214 

 

 

 

 

2.20 Skin Cancer 
 

Skin Cancer excluding non-melanoma skin cancer represents the cancer 

with the 20th highest mortality rate with 55.488 cancer deaths in 2012 

worldwide by being the 14th most common and 16th deadliest cancer in 
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2012 among men resp. the 17th most common and 20th deadliest cancer 

in 2012 among women with an incidence rate of 120.649 new cases as 

well as a mortality rate of 31.390 deaths in 2012 among men resp. an 

incidence rate of 111.481 new cases as well as a mortality rate of 24.098 

deaths in 2012 among women.2 Melanoma skin cancer represents the 

most dangerous type of skin cancer being caused by melanocytes that are 

cells being responsible for the production of skin pigments called mela-

nin whereas non-melanoma skin cancer being subdivided into basal cell 

carcinoma (BCC) and squamous cell carcinoma (SCC) represents the 

generally most common type of cancer worldwide with an estimated 

incidence rate of 2 – 3 million new cases per year.232 The most important 

risk factor of skin cancer is UV radiation whereby the role of other fac-

tors such as human papillomavirus, HIV/AIDS and Non-Hodgkin lym-

phoma, ionizing radiation or environmental risk factors including medi-

cation use, tobacco smoking, food consumption or stress are only widely 

supposed, but unproven.233 234 Symptoms of melanoma skin cancer are 

moles that get bigger, change shape and/or color, loses symmetry, are 

painful, are bleeding and/or look inflamed whereas symptoms of non-

melanoma skin cancer can appear as a spot or sore that does not heal 

within 4 weeks and/or continues to hurt for more than 4 weeks with an 

ulcer, which can arise, whereby BCC looks like a small, slow growing, 

shiny, pink or red lump and SCC looks like a pink lump.235 236 

 

 

 

2.20.1 Sports & Exercise Training on Skin Cancer  

 

In current studies, sports and exercise training is not in the least associat-

ed with reduced risk of each type of skin cancer whereas exercise-

induced immunosuppression during strong sun exposure without or with 

too less sun protection can additionally increase the risk of melanoma 
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and non-melanoma skin cancer, so that midday sun should be avoided 

and sufficient sun protection should be considered during the warm sea-

son.237 

 

 

 

 

2.21 Thyroid Cancer 
 

Thyroid Cancer represents the cancer with the 21st highest mortality rate 

with 39.771 cancer deaths in 2012 worldwide by being the 16th most 

common and 19th deadliest cancer in 2012 among men resp. the 8th most 

common and 19th deadliest cancer in 2012 among women with an inci-

dence rate of 68.179 new cases as well as a mortality rate of 12.626 

deaths in 2012 among men resp. an incidence rate of 229.923 new cases 

as well as a mortality rate of 27.145 deaths in 2012 among women.2 Po-

tential risk factors of thyroid cancer include exposure to ionizing radia-

tion, iodine deficiency, high levels of nitrate, environmental pollution, 

high levels of thyroid-stimulating hormone (TSH) stimulating thyroxine 

and triiodthyronine in turn stimulating energy metabolism in most tis-

sues, and thyroiditis.248 The most common symptoms of thyroid cancer 

comprise a lump at the base of the neck or elsewhere in the neck, a 

hoarse voice lasting for more than a few weeks and/or a sore throat with 

difficulty in swallowing that does not get better whereby unusual symp-

toms such as diarrhea or flushing face could also, but rarely appear be-

cause of a too high level of calcitonin representing a hormone being pro-

duced by the parathyroid glands and regulating the calcium balance.249 
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2.21.1 Sports & Exercise Training on Thyroid Cancer Incidence 

 

Current studies investigating large groups of males and females over a 

long period of time did not find any association between increased phys-

ical activity levels and reduced risk of thyroid cancer whereby also dia-

betes history was not linked to increased risk.250 251 Whereas, on the other 

hand, another recent study involving 116.939 women aged 22 - 79 years 

being followed from 1995/1996 until 2009 and interviewed about every-

one’s participation level in moderate- to high-intensity physical activity 

in the last 3 years whereby 275 diagnosis of papillary thyroid cancer 

being the most common type of thyroid cancer appeared and the final 

conclusion was that long-term moderate- to high-intensity physical activ-

ity of at least 16,5 MET-hours per week as well as a BMI under 25 was 

strongly associated with reduced risk of papillary thyroid cancer mainly 

spreading to the lymph nodes in the neck.252 1 MET (metabolic equiva-

lent) is the rate of energy expenditure at rest whereby intensities of phys-

ical activities under 3 METs are considered to be as light, between 3 and 

6 METs as moderate resp. above 6 METs as vigorous. MET-hours are 

calculated by METs times minutes of physical activities divided by 60. 

 

 

 

2.21.2 Sports & Exercise Training on Thyroid Cancer Progression 

 

An option for a positive impact could be that most of the patients with 

papillary thyroid cancer show low levels of STAT3 being a gene respon-

sible for producing proteins taking part in essential chemical signaling 

ways within cells and leading to increases in glucose consumption, lac-

tate production and expression of Hypoxia-inducible factor 1 (HIF1) 

promote aerobic glycolysis and tumor proliferation while STAT3 activa-

tion seems to be a negative regulator of aerobic glycolysis and thyroid 
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tumor growth.253 The fact that already a single bout of intense resistance 

training of 12 maximum repetitions with concentric and eccentric phases 

significantly increases STAT3 signalling could also underline or be an 

indicator for the beneficial role of sports and exercise training to reduce 

risk of papillary thyroid cancer whereby it was only tested in untrained, 

but active males on knee extension and flexion while STAT3 increases 

were much more significant after sports and exercise training in older 

people in comparison to younger ones.254 255 

 

 

 

 

2.22 Kaposi Sarcoma 
 

Kaposi Sarcoma represents the cancer with the 22nd highest mortality 

rate with 26.974 cancer deaths in 2012 worldwide by being represented 

the 20th most common and 17th deadliest cancer in 2012 among men 

resp. the 22nd most common and 22nd deadliest cancer in 2012 among 

women with an incidence rate of 29.022 new cases as well as a mortality 

rate of 17.358 deaths in 2012 among men resp. an incidence rate of 

15.225 new cases as well as a mortality rate of 9.616 deaths in 2012 

among women.2 Kaposi sarcoma (KS) emanates from cells lining lymph 

or blood vessels being infected by human herpesvirus 8 (HHV8) causing 

a high division rate and longer preservation of those cells obviously lead-

ing to the emergence of cancer cells and usually appears on the skin or 

on mucosal surfaces, but other body parts such as lymph nodes or the 

digestive tract can also be affected whereby purple, red or brown blotch-

es often occur on the skin of the legs and face resulting in skin lesions in 

those affected areas, but also metastases can often be found being able to 
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cause breathing problems when the lungs are concerned resp. gastroin-

testinal bleeding when the digestive tract are affected.243 As a conse-

quence, the infection with HHV8 is a requirement for the development 

of KS, but does not automatically brings about the emergence of KS 

while other additional risk factors such as AIDS/HIV or immunodefi-

ciency may also play a notable role.244 

 

 

 

2.22.1 Sports & Exercise Training on Kaposi Sarcoma Incidence 

 

There is no clear state of evidence of a possible association between 

physical activity and reduced risk of KS. An approach could also be the 

inhibition or decrease of viral interleukin-6 (vIL-6) representing an in-

flammatory marker, which is released at the place of inflammation due 

to high expressions of vIL-6 in HHV-8-associated malignancies includ-

ing KS that can be optimally down-regulated by high-level physical ac-

tivity of 50% of the maximum workload including endurance and/or 

resistance training of long duration of 1 - 3 hours performed up to five 

times per week whereby IL-6 levels were increased because of increased 

muscle activity.245 246 

 

 

 

2.22.2 Sports & Exercise Training on Palliative Care of Kaposi Sarcoma 

 

An approach can be to improve the quality of life of KS patients by re-

ducing painful accompanying symptoms such as bilateral foot pain due 

to plantar surface lesions by walking short distances after gait training 

with the additional use of comfortable plastazote sandals resp. lower 

extremity lymphedema by isometric exercises for the lower limbs and 
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passive knee flexion with painless range of motion together with the 

additional use of compressive bandages and garments.247 

 

 

 

 

2.23 Hodgkin Lymphoma 
 

Hodgkin Lymphoma represents the cancer with the 23rd highest mortality 

rate with 25.469 cancer deaths in 2012 worldwide by being the 19th most 

common and 18th deadliest cancer in 2012 among men resp. the 21st most 

common and 21st deadliest cancer in 2012 among women with an inci-

dence rate of 38.520 new cases as well as a mortality rate of 15.463 

deaths in 2012 among men resp. an incidence rate of 27.430 new cases 

as well as a mortality rate of 10.006 deaths in 2012 among women.2 

Hodgkin Lymphoma is a type of blood cancer originating from white 

blood cells called B-lymphocytes being responsible for strengthening 

everyone’s immune system by producing antibodies to prevent infections 

whereby the only difference in comparison with the Non-Hodgkin lym-

phoma (NHL) is that the Hodgkin Lymphoma (HL) has got Reed-

Steinberg-Cells that can be noticed by light microscope and belong to the 

afore-mentioned B-lymphocytes. The most important risk factor of HL is 

the Epstein Barr virus (EBV) causing glandular fever and being related 

to almost 50% of all HL cases whereby also previous NHL, lowered 

immunity such as HIV or organ transplant, early exposure to common 

childhood infections, Hepatitis C, family history or occupational expo-

sure to chemicals may play more or less notable roles.238 The most com-

mon symptom of HL is the occurrence of enlarged lymph nodes in the 

neck, armpit and groin whereat other symptoms include heavy nocturnal 
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sweating, high body temperatures, unexpected sudden weight loss, ab-

dominal pain, breathlessness due to anemia, infections because of low 

WBC count or bleeding problems such as frequent nose bleeding, heavy 

periods and/or tiny bloody spots due to low platelet count.239 

 

 

 

2.23.1 Sports & Exercise Training on Hodgkin Lymphoma Incidence 

 

A potential correlation was found in a study where 312 cases who had 

HL and 325 controls aged 19 - 79 years were interviewed about the par-

ticipation in high-intensity sports and exercise training with the final 

conclusion that high-intensity sports and exercise training performed at 

least twice a week for 1 or more months per year led to a reduced risk of 

HL with the most benefits for those exercising the most for 10 - 12 

months per year whereby the results only has reference to women and 

not men.240 

 

 

 

2.23.2 Sports & Exercise Training on Palliative Care of Hodgkin Lym-

phoma 

 

During chemotherapy in HL patients, physical fitness is decreased with 

simultaneous declines in hemoglobin levels and increases in chronic 

fatigue whereby a large percentage of those patients reached sports and 

exercise training guidelines at baseline what could be explained by lower 

sports and exercise training volumes whereat another study investigated 

the impact of moderate endurance training interventions of at least 30 

min. per day or 150 min. per week on 5 or more days of the week that 
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was reviewed from 13 issue-specific articles with the final outcome that 

such interventions have got positive effects on cardiorespiratory fitness, 

fatigue, depression and physical capacity.241 242 

 

 

 

 

2.24 Testicular Cancer 
 

Testicular Cancer represents the cancer with the 24th highest mortality 

rate with 10.351 cancer deaths in 2012 worldwide by being the 18th most 

common and 20th deadliest cancer in 2012 among men with an incidence 

rate of 55.266 new cases as well as a mortality rate of 10.351 deaths in 

2012 among men.2 Testicular cancer can be subdivided into seminoma 

involving germinal tissue and non-seminoma involving all other tissues. 

The most important risk factor of testicular cancer is cryptorchidism also 

called undescended testicles representing the absence of one or both 

testicles from the scrotum whereas other risk factors include abnormal 

cells in the testicles, fertility problems, family history, maldevelopment 

of the penis, inguinal hernia being a lump in the groin area, HIV/AIDS, 

testicular microlithiasis being small clusters of calcium accumulating in 

the testicles, higher levels of estrogenes as well as lower levels of andro-

gens.256 The single important symptom, which can be diagnosed by self-

management, for early detection of testicular cancer is the emergence of 

lumps or other abnormalities of the testicles combined with a heavy feel-

ing in the testicles.257 
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2.24.1 Sports & Exercise Training on Testicular Cancer Incidence 

 

In 2000, a case-control study containing 212 cases and 251 controls aged 

20 - 74 years revealed that frequent moderate- to high-intensity physical 

activity at young age of at least 20 min. performed more than five times 

per week even increases risk of testicular cancer whereby vigorous phys-

ical activity of at least 6 hours per week may solely reduce the risk of 

non-seminoma.258 259 Because of the simple fact that afore-mentioned 

hormonal disturbances of female and male sexual hormones also bring 

about increased risk of testicular cancer, studies in the recent past 

showed that the most common endocrine abnormalities in testicular can-

cer patients are highly above-average gonadotropin levels including fol-

litropine (FSH) and lutropin (LH) being both responsible for the stimula-

tion of female sexual hormones such as estradiol, as well as below-

average testosterone levels that cannot be significantly modified by typi-

cal oncological treatments such as surgery or chemotherapy.260 261 A 

study involving 362 subjects aged 20 - 40 years from 2002 - 2006 inves-

tigated the impact of a 60-week moderate-intensity resp. a 60-week high-

intensity endurance training on the treadmill of 5 weekly sessions of 120 

min. at 60% resp. 80% of the maximal oxygen uptake (VO2max) being 

previously tested by inclined treadmill test of a starting load of 8 km/h 

and 0% incline and 2,5% increases in incline every 2 min. afterwards 

until stopping with the final outcome that testosterone and the gonado-

tropins decrease after the 60 weeks in both types of endurance training 

whereby high-intensity endurance training obtained the most significant 

decreases while after a succeeding 36-week low-intensity endurance 

training on the treadmill of the same volumes and durations at 30% of 

the maximal oxygen uptake (VO2max) led to repeated and slightly above-

baseline increases of the afore-noted hormones.262 In opposition to en-

durance training, a high-intensity resistance training lasting about 60 

min. with 10 maximum repetitions significantly increases testosterone 
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levels whereby strong declines shortly after resistance training are ac-

companied by slow progressive increases with significantly higher tes-

tosterone and also DHEA levels by restoring steroidogenesis-related 

enzymes after a 12-week high-intensity resistance training of 3 weekly 

sessions of 3 sets of 10 maximum repetitions per exercise whereat also 

gonadotropins almost remains at baseline levels whereby that was only 

tested by 22 men aged 18 - 55 years with a single resistance training 

session.263 264 

 



3 Summary of Findings in Sports & Exercise 

Training 
 

In this chapter, the afore-noted studies containing specifications in sports 

and exercise training type, intensity, volume, duration and frequency are 

subdivided into endurance, resistance and combined endurance and re-

sistance training in tables. This should form an accurate picture of the 

spread intensities in respect of prospective studies of cancer treatment in 

form of randomized controlled trials. 

 

 

 

 

3.1 Endurance Training 
 

The different intensities of various studies being illustrated in Table 2 

are to be assigned to one of the three phases of lactate metabolism being 

separated by the aerobic (TP1) and anaerobic threshold (TP2). Lactate 

representing the salt of the lactic acid is one of the best ways to deter-

mine both turn points resp. thresholds due to progressive accumulation 

during intensive exertion to inhibit the glycolysis to protect the cells 

from autodigestion by lysosomes. Within Phase I up to the TP1, lactate 

arising in the cell plasma solely in the muscle is transported into cells 

with higher oxidative capacity causing no measurable increase of lactate 

that enables long to ultra-long lasting, but only light sport activities. 

Within Phase II from the TP1 up to the TP2, lactate is eliminated into 

other systems to be metabolized owing to too high levels of lactate inside 

the muscle that cannot be managed by the muscle itself showing an equi-

G. Stuebinger, Sports and Exercise Training as Therapy in Cancer,
DOI 10.1007/978-3-658-09505-5_3, © Springer Fachmedien Wiesbaden 2015
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librium between lactate production and lactate elimination forcing earlier 

stoppage. Within the Phase III from the TP2 on, lactate is increased ex-

ponentially because of a higher lactate production rate compared to the 

lactate elimination rate merely allowing short, but intensive periods of 

exertion. Whereby these two turn points (TP1, TP2) cannot be merely 

defined by lactate, but also by heart rate (HR), oxygen uptake (VO2), 

carbon dioxide output (VCO2) or ventilation (VE), but also the percent-

ages of the maximum power output (Pmax) can be calculated.265 

 

Based on three studies containing 62 young healthy male subjects aged 

19 - 25 years being subdivided into groups with regular HR response 

(n=24), indifferent HR response (n=12), linear HR response (n=14) and 

inverted HR response (n=12) as well as 10 specific trained race-oriented 

runners (m=9 / f=1) aged 19 - 54 years, 15 male patients with myocardial 

infarction aged 59,6 years on average, 13 male patients with cardiomyo-

pathy aged 51,9 years on average and 8 male patients with hypertension 

aged 57,9 years on average, the following values in Table 1 are calculat-

ed for cycling with adaptations in running and arm cycling.266 265 267 

 
Table 1: Percent of maximum for heart rate (HR), oxygen uptake (VO2), power 

output (P) and blood lactate (La) at the aerobic (TP1) and anaerobic (TP2) 

threshold in cycling, running and arm cycling. 

Type %HRmaxTP1 %HRmaxTP2 %VO2maxTP1 %VO2maxTP2 %PmaxTP1 %PmaxTP2 La TP1 La TP2 

Cycling 68,5% 85,6% 51,7% 75,5% 41% 72% 1,4 
mmol/l 

3,5 
mmol/l 

Running 76,8% 92,7% 66,1% 87,2% 53,3% 79,4% 1,38 
mmol/l 

3,1 
mmol/l 

Arm 
Cycling 63,5% 79,3% 43,2% 63,6% 40,3% 70,5% 1,47 

mmol/l 
3,3 
mmol/l 
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Table 1 shows calculated values being now taken to be able to show, 

which intensities are preferably applied on the basis of different studies 

in Table 2 whereby % of the maximal oxygen uptake at the point of 

voluntary stopping (VO2peak) is taken as % of the maximal oxygen uptake 

(VO2max) and % of the heart rate reserve (HRres) being calculated by max-

imal heart rate minus resting heart rate ranges from 44 – 50% at TP1 and 

from 71 – 84,2% at TP2.
268

 

 

Table 2: Listing of endurance training concerning different types of cancer by 

intensity, volume, duration, frequency and effects referring to the 3 phases of 

lactate metabolism  

Author 
Sub- 

jects 
Cancer 

Inten- 

sity 

Vol- 

ume 

Dur-

ation 

Freq-

uency 
Effect P 

Al-Jiffri 

et al. 

(2013) 

Type 2 

DM 

Liver 

Cancer 

65 – 

75% 

HRmax 

3 mon-

ths 

30 

min. 

3 x 

per 

week 

Lower 

aspartate 

and 

alanine 

trans-

aminase  

I 

Creven-

na et al. 

(2003) 

HCC 
Liver 

Cancer 

60% 

HRmax 

6 

weeks 

20 – 

35 

min. 

2 x 

per 

week 

HRQOL I 

Na et al. 

(2000) 

Sto-

mach 

Cancer 

Sto-

mach 

Cancer 

60% 

HRmax  

2 

weeks 

30 

min. 

2 x 

daily 

on 5 

days 

per 

week 

Increase 

of NKCA 
I 

Liu et 

al. 

(2013) 

Ovarian 

Cancer 

Ovarian 

Cancer 

60 – 

70% 

HRmax 

24 

weeks 

60 

min. 

4 x 

per 

week 

Decrease 

of ET-1 
I 

Mai-

moun & 

Sultan 

(2009) 

Healthy 

Multi-

ple 

Mye-

loma 

50% 

VO2max 
1 x 

45 

min. 
1 x 

Decrease 

of calci-

um, 

increase 

of PTH 

I 
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Büttner 
et al. 
(2007) 

Healthy 
Leu-
kemia 

60% 
VO2max 

2 x 
39 
min. 

2 x 

Decrease 
of WBC  
and lym-
phocytes 

I 

Safa-
rinejad 
et al. 
(2009) 

Healthy 
Testi-
cular 
Cancer 

60% 
VO2max 

60 
weeks 

120 
min. 

5 x 
per 
week 

Decrease 
of FSH 
and LH 

I 

Jones et 
al. 
(2011) 

Lung 
Cancer 

Lung 
Cancer  

60 – 
70% 
Pmax 

14 
weeks 

15 – 
45 
min. 

3 x 
per 
week 

Oxi-
dative 
status 

II 

Jones 
(2011) 

Lung 
Cancer 

Lung 
Cancer 

50 – 
70% 
HRres 

4 – 8 
weeks 

30 
min. 

3 – 5 
x per 
week 

HRQOL II 

Van 
Crae-
nen-
broeck 
et al. 
(2012) 

Chronic 
Heart 
Failure 

Lung 
Cancer  

90% 
HRAT 

6 
months 

60 
min. 

3 x 
per 
week 

Decrease 
of RDW 

II 

Koss-
man et 
al. 
(2011) 

Pre-
meno-
pausal, 
high risk 
women 

Breast 
and 
Endo-
metrial 
Cancer 

80 – 
85% 
HRmax 

12 
weeks 

50 – 
100 
min.  

3 x 
per 
week 

Decrease 
of estro-
gen and 
pro-
gesterone 

II 

Fealy et 
al. 
(2012) 

NAFLD 
Liver 
Cancer 

80 – 
85% 
HRmax 

7 days 
60 
min. 

7 x 
per 
week 

NAFLD, 
NASH 

II 

Colo-
mbo et 
al. 
(2013) 

Meta-
bolic 
syndr-
ome 

Colo-
rectal 
and 
Ovarian 
Cancer 

50 – 
60% 
HRres 

12 
weeks 

40 – 
50 
min. 

3 x 
per 
week 

Decrease 
of IL-8 
levels 

II 

Heit-
kamp & 
Jelas 
(2012) 

Healthy 
Pro-
state 
Cancer 

80% 
VO2max 

60 
weeks 

120 
min. 

5 x 
per 
week 

Decrease 
of testo-
sterone, 
LH, FSH 
+increase 
of SHBG 

II 

Rund-
qvist et 
al. 
(2013) 

Healthy 
Pro-
state 
Cancer 

65% 
VO2max 

1 x  
40 
min. 

1 x 

Inhibition 
of 
LNCaP 
cells 

II 
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Büttner 
et al. 
(2007) 

Healthy 
Leu-
kemia 

80% 
VO2max 

2 x 
39 
min. 

2 x 

Decrease 
of WBC 
and lym-
phocytes 

II 

Cour-
neya et 
al. 
(2012) 

Lym-
phoma 

NHL 
60% 
VO2peak 

12 
weeks 

15 – 
45 
min. 

3 x 
per 
week 

Improved 
sleep 
quality 

II 

Safa-
rinejad 
et al. 
(2009) 

Healthy 
Testi-
cular 
Cancer 

80% 
VO2max 

60 
weeks 

120 
min. 

5 x 
per 
week 

Decrease 
of FSH 
and LH 

II 

Naga-
shima et 
al. 
(2000) 

Healthy 
Liver 
Cancer 

85% 
VO2peak 

1 x 
72 
min. 

1 x 
Higher 
albumin 
levels 

III 

Tjonna 
et al. 
(2008) 

Meta-
bolic 
syndr-
ome 

Endo-
metrial 
Cancer 

4 x 4 
min. at 
90% 
and 
70% 
HRmax 

16 
weeks 

40 
min. 

3 x 
per 
week 

Better 
insulin 
signaling 
+ reduced 
blood 
glucose 
and lipo-
genesis 

I / 
II 

Bartlett 
et al. 
(2013) 

Healthy 
Lung 
Cancer  

6 x 3 
min. at 
90% + 
50% 
VO2max 

1 x 
50 
min. 

1 x 
Increase 
of p53 

I / 
III 

Camp-
bell et 
al. 
(2012) 

Post-
meno-
pausal, 
healthy 
women 

Breast, 
Ova-
rian and 
Endo-
metrial-
trial-
Cancer 

70 – 
85% 
HRmax 

12 
months 

45 
min. 

5 x 
per 
week 

Decrease 
of es-
trone, 
estradiol, 
testo-
sterone + 
andros-
tenedione 

I / 
II? 

Milecki 
et al. 
(2013) 

Breast 
Cancer 

Breast 
Cancer 

65 – 
70% 
HRmax 

6 
weeks 

40 
min. 

5 x 
per 
week 

Better 
dyspnea 
scale, BP, 
HR +SO2 

I / 
II? 
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Bate-
man et 
al. 
(2011) 

Meta-
bolic 
syndr-
ome 

Liver 
Cancer 

65 – 
80% 
VO2peak 

8 
months 

40 
min. 

3 x 
per 
week 

Meta-
bolic 
syndr-
ome 

I / 
II? 

Mina et 
al. 
(2013) 

Prostate 
Cancer 

Pro-
state 
Cancer 

60 – 
80% 
HRmax 

6 
months 

60 
min. 

5 x 
per 
week 

Adipo-
kine 
levels 
and IGF 

I / 
II? 

Bau-
mann et 
al. 
(2012) 

Leu-
kemia 

Leu-
kemia 

HR 
limit of 
180 - 
age 

17 
months 

20 – 
30 
min. 

3 x 
per 
week 

Decrease 
of inci-
dence 
rates of 
pneu-
monia 
and fever 

n. 
a. 

(I = assignable to Phase I; II = assignable to Phase II; III = assignable to Phase III; I / II = assignable 

to Phases I and II;  I / III = assignable to Phases I and III; I / II? = assignable to Phase I or II; n. a. = 

not assignable) 

(P = Phase of lactate metabolism) 
 

On this basis of the 24 scientific studies being concerned with endurance 

training with clear settings, only one study could not be assigned to one 

of the three phases of lactate metabolism. The majority of the remaining 

23 studies took place in Phase I and Phase II whereas in Phase III only 1 

study completed the whole endurance training volume. In 11 studies, the 

entire endurance training volume was completed in Phase II whereby in 

7 studies, the whole endurance training took place in Phase I. In 1 study, 

interval training changed between Phase II nearby the TP2 and Phase I 

nearby the TP1 and 1 further study performed an interval training with 

changes between Phase III and I. In 4 studies, the settings overlapped the 

TP1 that are defined as Phase I to Phase II exertion representing inaccu-

rate specifications whereby in 2 afore-mentioned studies, two groups 

performed two different kinds of endurance training including one in 

Phase II and one in Phase I with a better outcome for the Phase II group 

in testicular cancer, but a better result for the Phase I group in leukemia.  
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Table 3: Summary of all studies in respect of the 3 phases of lactate metabolism 

by type of endurance training   

 
I II III I / II I / III I / II? n. a. 

 

Cycling 1 3 1 - - 1 1 7 

Running 4 7 - 1 1 2 - 15 

Arm 
Cycling or 

Cycling 
1 - - - - - -- - 1 

Endurance 1 1 - - - 1 - 3 

 
7 11 1 1 1 4 1 26 

 (I = assignable to Phase I; II = assignable to Phase II; III = assignable to Phase III; I / II = assigna-

ble to Phases I and II; I / III = assignable to Phases I and III; I / II? = assignable to Phase I or II; n. a. 

= not assignable) 
 

In general, Phase III models in respect of prevention and risk reduction 

of cancer are hardly ever researched and implemented in humans except 

for the determination of the quality of life what should be performed in 

prospective studies because of positive effects by repeatedly transient 

and short-term systemic acidosis in form of high-intensity exertion af-

fecting the microenvironment of the tumor and concurrently decelerating 

its progression from a benign to a malignant tumor.269 270  

 

On the other hand, high-intensity endurance training above the LTP2 can 

be connected with low-intensity endurance training under the LTP1 to 

influence the tumor microenvironment by decreasing angiogenesis, the 

erythrocyte count and the lactate content resp. increasing the level of 
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oxygen and the pH-value to prevent the destruction of healthy tissue as 

well as tumor proliferation and metastasis as well as by increasing IL-6, 

IL-8, IL-10, TNF- , and MCP-1 and thereby inducing modest elevations 

of inflammatory cytokine/chemokine levels in the blood.16 271 Low-

intensity endurance training under the LTP1 can furthermore be helpful 

in increasing the overall survival and decreasing metastases by manipu-

lating cancer metabolism because lactic acidosis and low glucose levels 

are common in most cancer cells enabling their survival and proliferation 

whereby raising the pH-value can convert lactic acidosis to lactosis lead-

ing to a return to the Warburg effect bringing about glucose deprivation 

and the die-off resp. killing of cancer cells.272 

 

 

 

 

3.2 Resistance Training 
 

The different intensities of variant studies being exemplified in Table 4 

are allocated into one of the three different resistance training intensities 

called maximal strength including 1 - 5 repetitions at 85 - 100% of the 1 

repetition maximum, hypertrophy requiring 6 - 20 repetitions at 60 - 

85% of the 1 repetition maximum and strength endurance including 

more than 20 repetitions at less than 60% of the 1 repetition maximum. 

The advantages of maximal strength training are improvements of neu-

romuscular activation, explosive strength and activation of FT-fibers. 

The benefits of hypertrophy training are increased number of capillaries, 

enzymatic activity, muscle mass and also maximum strength. Strength 

endurance is pre-eminently advantageous in developing a higher number 

of capillaries causing better perfusion as well as better enzymatic activity 

and muscle endurance.273 
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Table 4: Listing of resistance training concerning different types of cancer by 

intensity, volume, duration, frequency and effects in regards to the 3 different 

types of resistance training 

Author 
Sub-

jects 
Cancer  Intensity Volume 

Dura-

tion 

Fre-

quency 
Effect 

Lee et 
al. 
(2012) 

Obesity 
Liver 
Cancer 

8 – 12 
RM 

3 
months 

60 min. 
and 10 
exercises 
of 1 – 2 
sets 

3 x per 
week 

Insulin 
sen-
sitivity 

Ahn et 
al. 
(2013) 

Colon 
Cancer 

Colo-
rectal 
Cancer 

Isometric 
or 12 RM 

12 
months 

7 exer-
cises of 
10 sec. or 
3 sets 

2 x per 
day 

Better 
bowl 
motility 
+shorter 
hospital 
stay 

Kam-
stra et 
al. 
(2013) 

Head 
and 
Neck 
Cancer 

Head  
and  
Neck 
Cancer 

6 – 8 RM 
+ 6 – 15 
sec. 
stretching 

7 years 
and      
4    
months 

1 exer-
cise of 1 
set  + 
stretching 

5 x per 
day 

De-
crease of 
trismus 

Lonbro 
et al. 
(2013) 

Head 
and 
Neck 
Cancer 

Head  
and  
Neck 
Cancer 

8 – 15 
RM 

12 
weeks 

7 exer-
cises of 2 
– 3 sets 

2 – 3 x 
per 
week 

Muscle 
strength 
and lean 
body 
mass 

Galvao 
et al. 
(2008) 

Prostate 
Cancer 

Prostate 
Cancer 

6 – 12 
RM 

20 
weeks 

8 exer-
cises of 2 
– 4 sets 

2 x per 
week 

In-
crease 
of 
SHBG 
and 
DHEA 

Tre-
nerry et 
al. 
(2007) 

Healthy 
Thyroid 
Cancer 

12 RM 1 x 
12 repe-
titions 
one set 

1 x 
Increase 
of 
STAT3 

Sato et 
al. 
(2014) 

Healthy 
Testi-
cular 
Cancer 

10 RM 
12 
weeks 

2 exer-
cises of 3 
sets 

3 x per 
week 

Increase 
of testo-
sterone 
and 
DHEA 
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Rojas 
Vega et 
al. 
(2010) 

Healthy 

Kidney 
and 
Endo-
metrial 
Cancer 

40% of 
1RM 

1 x  
3 repe-
titions 
one set 

1 x 
Increase 
of IGF-I 
levels 

Rojas 
Vega et 
al. 
(2010) 

Healthy 

Kidney 
and 
Endo-
metrial 
Cancer 

40% and 
110% of 
1RM 

1 x  
3 repe-
titions 
one set 

1 x 
Increase 
of IGF-I 
levels 

 

Based on the 8 studies, it has to be said that 7 studies performed their 

resistance training at the intensity of hypertrophy whereas solely 1 study 

tested at 40% and 110% of the 1 repetition maximum with the better 

issue for the 40% of the 1 repetition maximum.  

 

 
Table 5: Summary of all studies in respect of the 3 different types of resistance 

training 

 

Maximum 
Strength Hypertrophy Strength Endurance 

 

Studies 1 7 1 9 

 

 

All in all, scientific research including intensities of strength endurance 

and maximal strength should be performed to obtain information about 

modes of action referring to cancer resp. concerning hypertrophy train-

ing, patients with different types of cancer are supposed to be involved in 

randomized controlled trials to be able to develop new and helpful re-

sistance training programs owing to positive approaches in physiological 

changes, but not solely positive effects on the quality of life including 

muscular function and body composition representing the key statement 

in recent studies.209 
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3.3 Combined Endurance and Resistance Training 
 

The different intensities in Table 6 are assigned to one of the three 

aforesaid phases of metabolism respecting endurance training as well as 

to maximal strength, hypertrophy or strength endurance regarding re-

sistance training. 

 

Table 6: Listing of combined endurance and resistance training concerning 

different types of cancer by intensity, volume, duration, frequency and effects 

Author Subjects Cancer Intensity Volume Duration Fre-

quency Effect 

Morano 
et al. 
(2013) 

Lung 
Cancer 

Lung 
Cancer 

80% Pmax 
+ 15 RM 4 weeks 

10 – 30 
min. +   
15 repeti-
tions per 
minute 

5 x per 
week 

Improved 
pre-
operative 
functional 
capacities 

Kelm et 
al. 
(2003) 

Liver 
Metastasis 

Liver 
Cancer 

130 – 150 
bpm (HR) 
+ 15 – 25 
RM 

13 
weeks 

2 – 3 x  
10 min.+3 
sets each 
exercise 

2 x per 
week HRQOL 

Cheville 
et al. 
(2013) 

Colorectal 
Cancer 

Colorectal 
Cancer 

Brisk 
walking + 
10 – 15 
RM 

8 weeks 
20 min. + 
4 sets 
each 
exercise 

4 x +    
2 x per 
week 

HRQOL 

Samuel 
et al. 
(2013) 

Head    
and    
Neck 
Cancer 

Head    
and    
Neck 
Cancer 

Brisk 
walking + 
8 – 10 RM 

6 weeks 

15 – 20 
min. +     
2 – 3 sets 
each 
exercise 

5 x per 
week HRQOL 

Moon-
sammy 
et al. 
(2013) 

Ovarian 
Cancer 

Ovarian 
Cancer 

60 – 70% 
HRmax + 8 
– 12 RM 

24 
weeks 

30 – 60 
min. 

3 – 5 x 
per 
week 

HRQOL 

Bourke 
et al. 
(2011) 

Prostate 
Cancer 

Prostate 
Cancer 

55 – 85% 
HRmax + 
maximum 
repetitions 

12 
weeks 

30 min. + 
2 – 4 sets 
each 
exercise 

5 x per 
week HRQOL 
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Perondi 
et al. 
(2012) 

Leukemia Leukemia 
70% 
VO2peak + 
6 – 15 RM 

12 
weeks 60 min. 2 x per 

week HRQOL 

Cauza et 
al. 
(2006) 

Type 2 
Diabetes 

Pancreatic 
Cancer 
and NHL 

60% 
VO2peak + 
10 – 15 
RM 

4 
months 

20 min. + 
1 set each 
6 exercis-
es 

3 x per 
week 

Improved 
lipid 
profile of 
type 2 
diabetes 
mellitus 
patients 

Brooks 

& Ferro 

(2012) 

Hyper-

tension 
Kidney 

Cancer 

65% HRres 

+ 8 – 25 

RM 

12 

months 

40 min. + 

2 sets 

each 10 

exercises 

3 x +    

2 – 3 x 

per 

week 

Reducing 

hyper-

tension 

 

 

On the strength of those 9 studies, the final conclusion is that 3 studies 

performed Phase I endurance training combined with hypertrophy train-

ing, 2 studies mixed together Phase II endurance training and hypertro-

phy training as well as 1 study each performed Phase II endurance with 

hypertrophy to strength endurance training, Phase I to Phase II endur-

ance with strength endurance training and Phase III endurance with hy-

pertrophy training whereat 1 further study had to be excluded because of 

insufficient information concerning endurance training with 130 – 150 

heartbeats per minute (bpm) but valid information referring to resistance 

training by applying hypertrophy training.  
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Table 7: Summary of all studies in respect of the 3 phases of lactate metabolism 

and the 3 different types of resistance training 

 

Phase I + 
Hyper-
trophy 

Phase II 
+ Hyper-

trophy 

Phase II + 
Hyper-
trophy / 
Strength 

Endurance 

Phase I / 
II + 

Strength 
Endurance 

Phase III 
+ Hyper-

trophy 
n. a. 

 

Studies 3 2 1 1 1 1 9 

 

 

By virtue of approximate, but not accurate settings mainly concerning 

endurance training, further studies in form of randomized controlled 

trials including patients with different types of cancer as mentioned be-

fore shall be performed to obtain more information also except the im-

provement of the quality of life by treating the declining physical capaci-

ty of cancer patients that has already been researched and confirmed by 

combining high-intensity endurance training above LTP2 with high-

intensity resistance training at maximal strength resp. hypertrophy lev-

els.269 

 

 



4 Conclusion 
 

Generally speaking, there are certain and partially significant differences 

between cancer types due to different severities of verifiable scientific 

studies that are illustrated in Table 8 resp. in the above-listed Tables 2, 4 

and 6 in regard to randomized controlled trials emphasizing different 

effects on different types of cancer with most studies in Phase II endur-

ance training in view of lactate metabolism and in hypertrophy resistance 

training giving more potential for prospective studies. Breast, liver and 

prostate cancer have got highly probable evidence in preventing and 

reducing cancer incidence, progression and mortality because of the 

most detailed, widespread and directly provable effective sports and 

exercise training intervention targets regarding sports and exercise train-

ing type, frequency, duration and intensity resp. well-established and 

potential risk factors whereas lung, ovarian, kidney, endometrial and 

testicular cancer as well as leukemia and multiple myeloma have got 

probable evidence because of also detailed, but less widespread and di-

rectly provable effective sports and exercise training intervention targets. 

The risks of colorectal, stomach, head and neck, brain and thyroid cancer 

as well as non-Hodgkin lymphoma and Kaposi sarcoma may be inverse-

ly associated with sports and exercise training, but each of them merely 

has got rudimentarily probable evidence what means that indications of 

benefits are there, but insufficient detailed and directly provable effec-

tive sports and exercise training intervention targets are currently availa-

ble. Last, but not least, no evidence has been found in cervical, esopha-

geal, pancreatic, bladder, gallbladder and skin cancer as well as Hodgkin 

lymphoma on the basis of no detailed and directly provable effective 

sports and exercise training intervention targets. 

G. Stuebinger, Sports and Exercise Training as Therapy in Cancer,
DOI 10.1007/978-3-658-09505-5_4, © Springer Fachmedien Wiesbaden 2015
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Table 8: Current state of evidence of clear and comprehensible impacts of sports 

and exercise training on the 24 most common and deadliest cancer types in 

women and men worldwide 

Cancer Type Current State of Evidence 

Lung Cancer (3) probable 

Liver Cancer (2) highly probable 

Stomach Cancer (4) rudimentarily probable 

Colorectal Cancer (4) rudimentarily probable 

Breast Cancer (2) highly probable 

Esophageal Cancer (5) none 

Head and Neck Cancer (4) rudimentarily probable 

Pancreatic Cancer (5) none 

Prostate Cancer (2) highly probable 

Cervical Cancer (5) none 

Leukemia (3) probable 

Non-Hodgkin Lymphoma (4) rudimentarily probable 

Brain Cancer (4) rudimentarily probable 

Bladder Cancer (5) none 

Ovarian Cancer (3) probable 

Kidney Cancer (3) probable 

Gallbladder Cancer (5) none 

Multiple Myeloma (3) probable 

Endometrial Cancer (3) probable 

Skin Cancer (5) none 

Thyroid Cancer (4) rudimentarily probable 

Kaposi Sarcoma (4) rudimentarily probable 

Hodgkin Lymphoma (5) none 

Testicular Cancer (3) probable 

(1) scientifically proven, (2) highly probable, (3) probable, (4) rudimentarily probable, (5) none 
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As a consequence, more detailed research in terms of randomized con-

trolled trials including patients with different cancer types has to be per-

formed in the future to make progress within the scope of prevention and 

risk reduction of cancer.  

 

.
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