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Abstract
Colorectal cancer is one of the cancers where physical activity is of paramount importance, either 
in primary prevention or as a part of rehabilitation strategies during or after medical or surgical 
treatments. In fact, colorectal cancer is regarded as one of the most preventable types of cancer 
through lifestyle measures. Treatments of this particular type of cancer may easily refrain patients 
from practicing physical activities. Direct physical limitations or psychological aspects along with 
frequent wrong beliefs or misconceptions are behind this deleterious effect. We intent to present a 
bidirectional influence between cancer and exercise: cancer as a strong restrictor to the practice of 
physical activity and exercise as an efficient primary preventer but also a booster for quick recovery. 
Biological mechanisms are also mentioned according to recent literature. To our knowledge, this is 
the first review where all this aspects are covered in a single article.

Almeida M1*, Capitão M2, Teixeira P3 and Letoucque F4

1Hôpital Riviera-Chablais, Vaud-Valais, Department of General Surgery, Montreux, Switzerland

2Hospital Geral de Santo António, Department of Internal Medicine, Largo do Prof. Abel Salazar, Portugal

3Centro hospitalar Tondela-Viseu, Department of Physical and Rehabilitation Medicine, Avenida Rei Dom Duarte, 
Portugal

4Hôpital Riviera-Chablais, Vaud-Valais, Department of Physiotherapy, Switzerland

Introduction
Each year, 14.1 million people are expected to develop cancer, according to the last World 

Cancer Report. Colorectal cancer is the third most frequent cancer in men and the second most 
frequent in women. One third of all cases originate in rectum [1].

Colorectal cancer is currently seen as one of the most preventable types of cancer through lifestyle 
measures [2]. It is also one of the most killing cancers. Primary treatment modality is margin-free 
surgical resection. However, adjuvant treatment is frequently administered due to spreading disease 
or residual carcinoma [3].

Stage III colon cancer requires postoperative chemotherapy as well as stage II cases with 
high risk features (perforation, bowel obstruction, poorly differentiated or venous involvement). 
Concerning rectal cancer, high risk stage II and stage III cancers imply preoperative radiation along 
with chemotherapy as a downsize strategy allowing sphincter preserving surgeries [4-6]. Recent 
advances in chemotherapy modalities have emerged, with a shift to platinum-based therapies 
(FOLFOX, CapeOx, XELOX) [5].

However, treatment of colorectal cancer with or without surgery can be debilitating. It is now 
consensual that QOL and exercise and closely attached. As colorectal cancer is a disease of aging, 
various barriers also present in general population can limit physical conditioning. Significant side-
effects of treatments add more barriers to the normal aging process which has strong deleterious 
consequences to the quality of life and undeniable impact on overall well-being [7-10].

Concerning surgical strategies, stomas are frequently a part of the solution but also a part of the 
problem with strong impact in the quality of life (QOL) [11].

Thereby, individual QOL measurements provide leading strategies to weight harms and 
benefits of colorectal cancer treatments. There is a substantial inter individual difference in QOL 
perceptions that must comprise physical, functional, psychological social and emotional aspects 
altogether. Patient’s satisfaction is directly related with expectations, preoperative conceptions and 
postoperative handling of what is perceived as possible or ideal [12-14].

Search Strategy
English language studies (all types) where included in this review due to the paucity of literature 



Almeida M, et al., Journal of Physical and Rehabilitation Medicine Forecast

2019 | Volume 2 | Edition 2 | Article 1011ScienceForecast Publications LLC., | https://scienceforecastoa.com/ 2

in this particular field. We performed a research in PubMed database 
of all articles covering the topic “colorectal cancer and exercise”, 
published between 1980 and 2019. The rarity of large studies made 
unaccepted all kinds of studies, as meta-analysis and systematic 
reviews are of very little number.

QOL is inextricably intertwined with exercise. More and more 
evidence supports exercise in cancer settings, with numerous 
physiological processes that explain better overall survival with better 
QOL. Effects on tumor physiology and metabolism are now being 
revealed, albeit mostly in rodent model studies [15].

Cancer as a Barrier to Exercise
It is now clear that colorectal cancer treatment (surgery with or 

without chemotherapy or radiotherapy) causes detrimental effects in 
the practice of physical activity. The first year after diagnosis seems 
to be one of the most important periods where sensitizing actions 
should be implemented [16].

First step: understanding the barriers
Promoting physical activity in people in cancer should be 

considered a priority. In order to incentive to exercise, perceived 
barriers need to be addressed. They may directly stem from disease 
itself but also from medical and surgical treatments, co morbidities, 
aging process and others (fear, commitments, lack of time or 
motivation, etc).

Questionnaires have shown that the most common barrier is 
fatigue. Stomial bag related barriers are also frequently cited as well as 
COPD or breathlessness. Patients also frequently mention generalized 
aches and age per si as barriers [17,18].

Few patients understand that exercise may improve their fatigue. 
Educational strategies should be implemented to make patients 
realize that this barrier can soon disappear if exercise is done [18].

A Canadian study shown that 69.5% of colorectal cancer survivors 
identify improved fitness as a perceived benefit of exercise. Such 
studies could help guiding medical staff to promote physical activity 
while targeting beliefs of this particular population [19].

Stoma as a barrier to physical activity
Stoma creation may be lifesaving and yet is also responsible for 

very frequent complications. Fear of pouch leakage, odor, clothing 
problems and depression are the most frequent stoma-related 
complications, with strong psychosocial impact. Problems such as 
skin irritation or stoma-related sexual activity limitations also have a 
strong impact in physical activity [20].

Sleep problems are also frequent cited with stomal patients. 
Frequent awakening to empty the bag or worrying about rolling onto 
it help to explain daily fatigue and reluctance to exercise practicing. 
Trial and error strategies with different devices help to lessen these 
complications over time [21].

Lack of preoperative informative preparation may lead to 
disastrous misconceptions that will impeach the patient to rapidly 
recover from surgery, psychologically speaking. Participation in 
exercise after the creation of a stoma is advisable and its benefits are 
well documented [20,21].

A systematic review showed that physical capacity deteriorates 
among colorectal cancer survivors after treatment. Thereby, medical 
staff can generally assume with few exceptions that reestablishing 

physical conditioning is needed, irrespective of the chosen treatment 
approach [16].

The importance of shifting process
Adapting to cancer or a stoma might be a very difficult step. 

There seems to be a period of reconceptualization at the middle of the 
adaptation process, where the patients start to shift towards acceptation 
of stomial bag and related issues. It is also clear that misconceptions 
and discrepancy between post operative difficulties and perceived 
preoperative difficulties play a strong role in the shifting process. In 
this process, recalibration of standards of quality of life takes place 
with changing of the actual meaning of what is perceived as average 
quality of life. Patients are particularly susceptible to lifestyle changes 
in this period, and strategies need to be implemented to individually 
predict this moment and act once the moment comes [21].

Biological mechanisms of exercise benefits
It is now well known that exercise reduces the risk of colorectal 

cancer, as well as many other cancers. Risk reduction in colorectal 
cancer approaches -23%, one of the most spectacular risk reductions 
amid all cancers. It appears that between 3.5 and 4 hours of weekly 
vigorous exercise are needed to optimize protection [22].

Hypothesis of decreased gastrointestinal transit time
Several mechanisms are evoked that could explain how exercise 

may exert its protection against colorectal cancer. The most well 
documented mechanism is the hypothesis of gastrointestinal time. 
The defenses of this mechanism argue that a decreased gastrointestinal 
time observed in people involved in moderate level activities reduces 
exposition of the intestinal lumen to carcinogens [2]. Strenuous 
exercises might increase levels of PGF2a and decrease levels of PGE2. 
The latter decreases colonic motion and increases cell proliferation 
rates, mainly neoplasic cells [2,15].

A decreased Body Mass Index (BMI) among physically active 
people could also partially explain the protective effect [23,24].

Preventing proliferative signaling
Another possible explanation concerns insulin sensitivity. Studies 

have shown that exercise is associated with better insulin sensitivity 
and down regulation of IGF1. One study using mouse models proved 
that p53 related regulators might be involved in this inhibition. Both 
insulin and IGF1 are strong mitogens of carcinomatous colonic 
cells. On the other hand, exercise could be responsible for metabolic 
shifting from glycolytic metabolism to oxidative phosphorylation. 
The former is a widespread phenomenon in most malignancies while 
the latter could efficiently restrain tumor growth [2,15,25].

Growth suppressor pathway and apoptosis regulation
Recently, the PI3K signaling pathway as been explored as one of 

the potential targets of exercise. This pathway is dysregulated in almost 
all cancers, with important repercussions in cellular transcriptions, 
growth and survival. Inhibition of this pathway was proved through 
GenMAPP software in rodents that experiment weight loss [26,27].

Physical activity can interfere with p53 tumoral suppressor gene. 
Its inactivation may be responsible for the development of colon 
cancer. Data suggest that Western life style may induce p53 mutations 
[28].

In rodent studies, it was demonstrated that mouse that exercise 
have increased tumor growth suppression and apoptosis. Caspase-3 
activity measurements were determinant to explain this difference. 
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Levels of prop apoptotic proteins as Bax and Bak may also play an 
important role in this settings, with one study proving higher levels in 
exercise rodents [29-31].

Immune escaping pathway
Immune responses after exercise could also play a protective 

role in physically active patients. Regular acute exercise increases the 
basal level of NK cell activity which constitutes an important defense 
against tumor spreading. Several studies have shown that enhanced 
NK cell cytotocicity is accompanied by reductions in tumor growth 
[2,15,32].

Inducing angiogenesis
There is currently solid evidence that hypoxia and poor blood 

supply promote cancer progression and is an important barrier to 
effective antineoplasic therapies [33].

Interference of exercise in tumoral blood supply was hypothesized 
as one of the mechanisms that could explain some antineoplasic 
protection, notably through the liberation of Hypoxia Inducible 
Factor (HIF) [15].

Exercise promotes a shifting in vascular normalization, increasing 
tumoral perfusion allowing for antineoplastic drugs to act. Increasing 
VEGF along with HIF-1a seems to be crucial pathways in this process 
[34-36].

Preventing tumoral invasion and metastasis
Primary tumors easily invade adjacent structures and even 

distant ones. Intratumoral B-catenin and e-cadherin glycoprotein 
are involved in such disseminating processes. Voluntary exercise in 
mice decreases intratumoral levels of E-cadherin, regarded as the glue 
between epithelial cells favoring locally or distant invasion [37].

Myokines theory
Studies in rodents appear to show that extracts from exhausted 

muscles might inhibit tumor growth. This myokine pathway could 
explain some skeletal muscle induced protection against cancer 
through liberation of muscle derived protective factors. Such factors 
have anti-inflammatory and insulin sensitizing effects. Some myokines 
could actually trigger apoptosis in specific tumors (osteonectin in the 
case of colon cancer). This constitutes perhaps the most recent field of 
investigation with a recent bulk of literature approaching this theory. 
Despite excitement, most remains to be proven [38-40].

General Benefits of Exercise
Other general benefits of exercise are well documented in 

literature. Most are particularly important in the context of cancer 
and go far beyond colorectal cancer.

Bone loss may occur as a consequence of metastasis or treatments. 
There is very good quality evidence that exercise will improve bone 
quality, stimulating bone formation and promoting structural 
positive modifications [41-44].

Sarcopenia and weight imbalance may also take place due to 
antineoplastic therapies or the cancer itself. Exercise can act on muscle 
strength and reducing fat mass. Cachexia can also be prevented with 
exercise, along with nutritional therapies [45-49].

Peripheral neuropathy may stem from anti-cancer treatment or 
may appear as a paraneoplasic syndrome. Drugs such as platinum 
drugs, Microtubule-Targeting agents, proteasome inhibitors and 
angiogenesis inhibitors play a role in peripheral nerve damage. 

Despite conflicting evidence, exercise appears to be safe and 
effective for people with peripheral neuropathy and reduce axonal 
degeneration [50-52].

Exercise may also help in cases of lymph edema as high BMI is a 
significant risk factor for this condition [48,53].

Pain is also a common symptom in cancer patients either due 
to compression/invasion of surrounding structures by cancer itself 
or induced by antineoplastic treatments. Exercise is able to induce 
hypoalgesia through some unknown mechanisms. One of them, 
known as conditioned pain modulation which implies negative pain 
modulation is well described in the literature [53-56].

Exercise prevents depression, anxiety and sleep problems, 
frequently intertwined [57,58]. It seems that practicing exercise 
considerably reduces perceived barriers to physical activity. Among 
sedentary patients, the number of perceived barriers is considerably 
higher [17,59].

Special Consideration about Parastomal 
Hernia

The incidence of parastomal hernia varies between 7-50%. Impact 
of exercise on the incidence of parastomal hernia and consequences 
of such a diagnosis in the practice of physical exercise merit special 
attention. It is now consensual that an optimal body mass index 
reduces the incidence of parastomal hernia as well as wearing of 
garments. Nurse advice about abdominal exercise should take place 
systematically as strengthening of abdominal wall is effective reducing 
hernia incidence. Advice to restrain from physical activities actually 
increases the risk of parastomal hernia [60].

Surgical correction may be necessary. Open techniques with 
or without stoma transposition are well described in the literature. 
Laparoscopic correction or hybrid approaches are also well studied. 
The gold standard procedure implies reinforcement of abdominal 
wall with prosthetic material. However, in cases of local septic 
process, prosthesis is contra-indicated [61].

The use of a prophylactic mesh when creating a colostomy is 
not recommended. A recent randomized controlled trial did not 
show any differences in the incidence of parastomal hernias between 
patients with or without prophylactic mesh procedures [62].

Post-operative exercises can be initiated as soon as 3-4 days after 
surgery. However, nursing specialists are frequently not aware of this 
recommendation. Pilates-style training with reinforcement of pelvic 
floor and controlled contraction of transverse abdominals are good 
examples of core exercises that can be implemented [60].

Conclusions
There is no doubt that exercise and cancer have a closed connection 

that must be further studied. Protective role of physical activity as 
primary prophylaxis of cancer or as adjuvant therapy is of undeniable 
importance. Unfortunately, there is no universal consensus or 
guidelines on this topic. Therefore, patients are currently advised 
based on professional’s individual experiences. Many of the biological 
mechanisms are hypothesized in rodent studies and extrapolation to 
humans is difficult. While this pathways are being scrutinized, regular 
physical activity should be advised to every colorectal cancer survivor. 
Misconceptions must be dissolved from the beginning of the process 
with appropriate counseling with interdisciplinary interventions 
without forgetting inter individual variability.
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What is already known?
Colorectal cancer can be prevented with regular sports actives.

Neoplastic treatments are a strong limitation to the practice of 
exercise.

Most hypothesized biological mechanisms stem from rodent 
models.

What are the new findings?
Patient’s expectations directly influence recovery and 

rehabilitation.

The shifting point must be recognized and explored to boost 
recovery.

Understanding stomal limitations to exercise is of paramount 
importance.
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1. Colorectal cancer cannot be prevented with regular exercise.

2. After neoplastic treatments patient’s compliance to exercise 
is increased.

3. Stomial bag related barriers to exercise are frequently cited 
by patients.

4. Patient’s expectations before treatments have little impact in 
the recovery process.

5. An exercise program should be implemented two years after 
diagnosis.

Correct answer 3

1. The shifting process refers to the moment when patient 
realizes his cancer is not curable.

2. The aging process reduces the barriers against exercise.

3. The impact of exercise in colorectal cancer was mostly 
studied in humans.

4. The most frequently cited mechanism of exercise benefits is 
the decreased gastrointestinal time.

5. Pain is a rare symptom in patients with colorectal cancer

Correct answer 4

1. Exercise increases the risk of parastomial hernia.

2. Surgical correction of parastomial hernia is never necessary.

3. Pilates-style exercises should be avoided in patients with a 
stoma.

4. Restrain from physical activities may increase the risk of 
parastomial hernia.

5. Post operative exercises after stoma creation should not 
take place before a month.

Correct answer 4

References
1. McGuire S. World Cancer Report 2014. Geneva, Switzerland: World 

Health Organization, International Agency for Research on Cancer, WHO 
Press, 2015. Adv Nutr. 2016; 7: 418-419.

2. Slattery ML. Physical activity and colorectal cancer. Sports Medicine. 2004; 
34: 239-252.

3. Labianca R, Beretta GD, Kildani B, Milesi L, Merlin F, Mosconi S, et al. 
Colon cancer. Crit Rev Oncol Hematol. 2010; 74: 106-133.

4. Andre T, Boni C, Navarro M, Tabernero J, Hickish T, Topham C, et al. 
Improved overall survival with oxaliplatin, fluorouracil, and leucovorin as 
adjuvant treatment in stage II or III colon cancer in the MOSAIC trial. J 
Clin Oncol. 2009; 27: 3109-3116.

5. Engstrom PF, Arnoletti JP, Benson AB. NCCN Clinical Practice Guidelines 
in Oncology: rectal cancer. J Natl Compr Canc Netw. 2009; 7: 838-881.

6. Quasar Collaborative Group. Adjuvant chemotherapy versus observation 
in patients with colorectal cancer: a randomized study. Lancet 2007; 370: 
2020-2029.

7. Downing A, Morris EJ, Richards M, Corner J, Wright P, Sebag-
Montefioreet D. Health-related quality of life after colorectal cancer in 
England: A Patient-Reported Outcomes Study of Individuals 12 to 36 
Months After Diagnosis. J Clin Oncol. 2015; 33: 616-624.

8. Finlayson E, Zhao S, Boscardin WJ, Fries BE, Landefeld CS, Dudley RA. 
Functional status after colon cancer surgery in elderly nursing home 
residents. J Am Geriatr Soc. 2012; 60: 967-973.

9. Tsunoda A, Nakao K, Hiratsuka K, Tsunoda Y, Kusano M. Prospective 
analysis of quality of life in the first year after colorectal cancer surgery. 
Acta Oncol. 2007; 46: 77-82.

10. Ulander K, Jeppsson B, Grahn G. Quality of life and independence in 
activities of daily living preoperatively and at follow-up in patients with 
colorectal cancer. Support Care Cancer. 1997; 5: 402-409.

11. Vonk-Klaassen SM, de Vocht HM, den Ouden ME, Schuurumans MJ. 
Ostomy-related problems and their impact on quality of life of colorectal 
cancer ostomates: a systematic review. Quality of Life Research. 2016; 25: 
125-133.

12. Cella DF. Quality of life: concepts and definition. J Pain Symptom Manage. 
1994; 9: 186-192.

13. Cella DF, Cherin EA. Quality of life during and after cancer treatment. 
Compr Ther. 1988; 14: 69-75.

14. Cella DF, Tulsky DS. Quality of life in cancer: definition, purpose, and 
method of measurement. Cancer Invest. 1993; 11: 327-336.

15. Pedersen L, Christensen JF, Hojman P. Effects of exercise on Tumor 
Physiology and Metabolism. The Cancer Journal. 2015; 21: 111-116.

16. Cabilan CJ, Hines S. The short-term impact of colorectal cancer treatment 
on physical activity, functional status and quality of life: a systematic 
review. JBI Database System Rev Implement Rep. 2017; 15: 517-566.

17. Fisher A, Wardle J, Beeken RJ, Croker H, Williams K, Grimmett C. 
Perceived barriers and benefits to physical activity in colorectal cancer 
patients. Support Care Cancer. 2016; 24: 903-910.

18. Lynch BM, Owen N, Hawkes AL, Aitken JF. Perceived barriers to physical 
activity for colorectal cancer survivors. Support Care Cancer. 2010; 18: 
729-734.

https://www.ncbi.nlm.nih.gov/pubmed/26980827
https://www.ncbi.nlm.nih.gov/pubmed/26980827
https://www.ncbi.nlm.nih.gov/pubmed/26980827
https://link.springer.com/article/10.2165/00007256-200434040-00004
https://link.springer.com/article/10.2165/00007256-200434040-00004
https://www.ncbi.nlm.nih.gov/pubmed/20138539
https://www.ncbi.nlm.nih.gov/pubmed/20138539
https://www.ncbi.nlm.nih.gov/pubmed/19451431
https://www.ncbi.nlm.nih.gov/pubmed/19451431
https://www.ncbi.nlm.nih.gov/pubmed/19451431
https://www.ncbi.nlm.nih.gov/pubmed/19451431
https://www.nccn.org/professionals/physician_gls/default.aspx
https://www.nccn.org/professionals/physician_gls/default.aspx
https://www.thelancet.com/article/S0140-6736(07)61866-2/abstract
https://www.thelancet.com/article/S0140-6736(07)61866-2/abstract
https://www.thelancet.com/article/S0140-6736(07)61866-2/abstract
https://ascopubs.org/doi/10.1200/JCO.2014.56.6539
https://ascopubs.org/doi/10.1200/JCO.2014.56.6539
https://ascopubs.org/doi/10.1200/JCO.2014.56.6539
https://ascopubs.org/doi/10.1200/JCO.2014.56.6539
https://www.ncbi.nlm.nih.gov/pubmed/22428583
https://www.ncbi.nlm.nih.gov/pubmed/22428583
https://www.ncbi.nlm.nih.gov/pubmed/22428583
https://www.ncbi.nlm.nih.gov/pubmed/17438708
https://www.ncbi.nlm.nih.gov/pubmed/17438708
https://www.ncbi.nlm.nih.gov/pubmed/17438708
https://www.ncbi.nlm.nih.gov/pubmed/9322353
https://www.ncbi.nlm.nih.gov/pubmed/9322353
https://www.ncbi.nlm.nih.gov/pubmed/9322353
https://link.springer.com/article/10.1007/s11136-015-1050-3
https://link.springer.com/article/10.1007/s11136-015-1050-3
https://link.springer.com/article/10.1007/s11136-015-1050-3
https://link.springer.com/article/10.1007/s11136-015-1050-3
https://www.ncbi.nlm.nih.gov/pubmed/8014530
https://www.ncbi.nlm.nih.gov/pubmed/8014530
https://www.ncbi.nlm.nih.gov/pubmed/3292140
https://www.ncbi.nlm.nih.gov/pubmed/3292140
https://www.ncbi.nlm.nih.gov/pubmed/8485655
https://www.ncbi.nlm.nih.gov/pubmed/8485655
https://insights.ovid.com/crossref?an=00130404-201503000-00010
https://insights.ovid.com/crossref?an=00130404-201503000-00010
https://www.ncbi.nlm.nih.gov/pubmed/28178025
https://www.ncbi.nlm.nih.gov/pubmed/28178025
https://www.ncbi.nlm.nih.gov/pubmed/28178025
https://www.ncbi.nlm.nih.gov/pubmed/26268781
https://www.ncbi.nlm.nih.gov/pubmed/26268781
https://www.ncbi.nlm.nih.gov/pubmed/26268781
https://www.ncbi.nlm.nih.gov/pubmed/19636595
https://www.ncbi.nlm.nih.gov/pubmed/19636595
https://www.ncbi.nlm.nih.gov/pubmed/19636595


Almeida M, et al., Journal of Physical and Rehabilitation Medicine Forecast

2019 | Volume 2 | Edition 2 | Article 1011ScienceForecast Publications LLC., | https://scienceforecastoa.com/ 5

19. Speed-Andrews AE, McGowan EL, Rhodes RE, Blanchard CM, Culos-
Reed SN, Friedenreich CM, et al. Identification and evaluation of the 
salient physical activity beliefs of colorectal cancer survivors. Cancer Nurs. 
2014; 37: 14-22.

20. Wasserman MA, McGee MF. Preoperative Considerations for the 
Ostomate. Clin Colon Rectal Surg. 2017; 30: 157-161.

21. Neuman HB, Park J, Fuzesi S, Temple LK. Rectal cancer patients' quality 
of life with a temporary stoma: shifting perspectives. Dis Colon Rectum. 
2012; 55: 1117-1124.

22. Robsahm TE, Aagnes B, Hjartaker A, Langseth H, Bray FI, Larsen IK. Body 
mass index, physical activity, and colorectal cancer by anatomical subsites: 
a systematic review and meta-analysis of cohort studies. Eur J Cancer Prev. 
2013; 22: 492-505.

23. Le Marchand L, Wilkens LR, Kolonel LN, Hankin JH, Lyu LC. Associations 
of sedentary lifestyle, obesity, smoking, alcohol use, and diabetes with the 
risk of colorectal cancer. Cancer Res. 1997; 57: 4787-4794.

24. Slattery ML, Potter J, Caan B, Edwards S, Coates A, Ma KN, et al. Energy 
balance and colon cancer--beyond physical activity. Cancer Res. 1997; 57: 
75-80.

25. Yu M, King B, Ewert E, Su X, Mardiyati N, Zhao Z, et al. Exercise Activates 
p53 and Negatively Regulates IGF-1 Pathway in Epidermis within a Skin 
Cancer Model. PLoS One. 2016; 11.

26. Asati V, Mahapatra DK, Bharti SK. PI3K/Akt/mTOR and Ras/Raf/MEK/
ERK signaling pathways inhibitors as anticancer agents: Structural and 
pharmacological perspectives. Eur J Med Chem. 2016; 109: 314-341.

27. Standard J, Jiang Y, Yu M, Su X, Zhao Z, Xu J, et al. Reduced signaling 
of PI3K-Akt and RAS-MAPK pathways is the key target for weight-loss-
induced cancer prevention by dietary calorie restriction and/or physical 
activity. J Nutr Biochem. 2014; 25: 1317-1323.

28. Slattery ML, Curtin K, Ma K, Edwards S, Schaffer D, Anderson K, et al. 
Diet activity, and lifestyle associations with p53 mutations in colon tumors. 
Cancer Epidemiol Biomarkers Prev. 2002; 11: 541-548.

29. Xie L, Jiang Y, Ouyang P, Chen J, Doan H, Herndon B, et al. Effects of 
dietary calorie restriction or exercise on the PI3K and Ras signaling 
pathways in the skin of mice. J Biol Chem. 2007; 282: 28025-28035.

30. Higgins KA, Park D, Lee GY, Curran WJ, Deng X. Exercise-induced lung 
cancer regression: mechanistic findings from a mouse model. Cancer. 
2014; 120: 3302-3310.

31. Zheng X, Cui XX, Huang MT, Liu Y, Shih WJ, Lin Y, et al. Inhibitory effect 
of voluntary running wheel exercise on the growth of human pancreatic 
Panc-1 and prostate PC-3 xenograft tumors in immunodeficient mice. 
Oncol Rep. 2008; 19: 1583-1588.

32. Kruijsen-Jaarsma M, Revesz D, Bierings MB, Buffart LM, Takken T. Effects 
of exercise on immune function in patients with cancer: a systematic 
review. Exerc Immunol Rev. 2013; 19: 120-143.

33. Shannon AM, Bouchier-Hayes DJ, Condron CM, Toomey D. Tumour 
hypoxia, chemotherapeutic resistance and hypoxia-related therapies. 
Cancer Treat Rev. 2003; 29: 297-307.

34. Jones LW, Viglianti BL, Tashjian JA, Kothadia SM, Keir ST, Freedland SJ, 
et al. Effect of aerobic exercise on tumor physiology in an animal model of 
human breast cancer. J Appl Physiol. 2010; 108: 343-348.

35. Ashcraft KA, Warner AB, Jones LW, Dewhrist MW. Exercise as Adjunct 
Therapy in Cancer. Semin Radiat Oncol. 2019; 29: 16-24.

36. Betof AS, Lascola CD, Weitzel D, Landon C, Scarbrough PM, Devi GR, 
et al. Modulation of Murine Breast Tumor Vascularity, Hypoxia and 
Chemotherapeutic Response by Exercise. J Natl Cancer Inst. 2015; 107.

37. Ju J, Nolan B, Cheh M, Bose M, Lin Y, Wanger GC, et al. Voluntary exercise 
inhibits intestinal tumorigenesis in ApcMin/+ mice and azoxymethane/
dextran sulfate sodium-treated mice. BMC Cancer. 2008; 8: 316.

38. Fiuza-Luces C, Garatachea N, Berger NA, Lucia A. Exercise is the real 
polypill. Physiology (Bethesda). 2013; 28: 330-358.

39. Aoi W, Naito Y, Takagi T, Tanimura Y, Takanami Y, Kawai Y, et al. A 
novel myokine, Secreted Protein Acidic and Rich in Cysteine (SPARC), 
suppresses colon tumorigenesis via regular exercise. 2013; 62: 882-889.

40. Hojman P, Dethlefsen C, Brandt C, Hansen J, Pedersen L, Pedersen BK. 
Exercise-induced muscle-derived cytokines inhibit mammary cancer cell 
growth. Am J Physiol Endocrinol Metab. 2011; 301: 504-510.

41. Lipton A, Uzzo R, Amato RJ, Ellis GK, Hakimian B, Roodman GD, et al. 
The science and practice of bone health in oncology: managing bone loss 
and metastasis in patients with solid tumors. J Natl Compr Canc Netw. 
2009; 7: 30.

42. Rizzoli R, Body JJ, Brandi ML, Cannata-Andia J, Chappard D, El 
Maghraoui A, et al. Cancer-associated bone disease. Osteoporos Int. 2013; 
24: 2929-2953.

43. Guadalupe-Grau A, Fuentes T, Guerra B, Calbet JA. Exercise and bone 
mass in adults. Sports Med. 2009; 39: 439-468.

44. Marques EA, Mota J, Carvalho J. Exercise effects on bone mineral density 
in older adults: a meta-analysis of randomized controlled trials. Age 
(Dordr). 2012; 34: 1493-1515.

45. Schmitz KH, Ahmed RL, Hannan PJ, Yee D. Safety and efficacy of weight 
training in recent breast cancer survivors to alter body composition, 
insulin, and insulin-like growth factor axis proteins. Cancer Epidemiol 
Biomarkers Prev. 2005; 14: 1672-1680.

46. Winters-Stone KM, Dobek JC, Bennett JA, Dieckmann NF, Maddalozzo 
GF, Ryan CW, et al. Resistance training reduces disability in prostate 
cancer survivors on androgen deprivation therapy: evidence from a 
randomized controlled trial. Arch Phys Med Rehabil. 2015; 96: 7-14.

47. Vaughan VC, Martin P, Lewandowski PA. Cancer cachexia: impact, 
mechanisms and emerging treatments. J Cachexia Sarcopenia Muscle. 
2013; 4: 95-109.

48. Grande AJ, Silva V, Maddocks M. Exercise for cancer cachexia in adults: 
Executive summary of a Cochrane Collaboration systematic review. J 
Cachexia Sarcopenia Muscle. 2015; 6: 208-211.

49. Maddocks M, Murton AJ, Wilcock A. Improving muscle mass and 
function in cachexia: non-drug approaches. Curr Opin Support Palliat 
Care. 2011; 5: 361-364.

50. Brewer JR, Morrison G, Dolan ME, Fleming GF. Chemotherapy-induced 
peripheral neuropathy: Current status and progress. Gynecol Oncol. 2016; 
140: 176-183.

51. Han JW, Han S. Type of Chemotherapy-Induced Peripheral Neuropathy, 
Influencing Factors, and Functional Status. Iran J Public Health. 2015; 44: 
1701-1703.

52. Tofthagen C, Visovsky C, Berry DL. Strength and balance training for 
adults with peripheral neuropathy and high risk of fall: current evidence 
and implications for future research. Oncol Nurs Forum. 2012; 39: 416-
424.

53. Streckmann F, Zopf EM, Lehmann HC, May K, Rizza J, Zimmer P, et al. 
Exercise intervention studies in patients with peripheral neuropathy: a 
systematic review. Sports Med. 2014; 44: 1289-1304.

54. Loeser JD, Treede RD. The Kyoto protocol of IASP Basic Pain Terminology. 
Pain. 2008; 137:473-477.

55. Ambrose KR, Golightly YM. Physical exercise as non-pharmacological 
treatment of chronic pain: Why and when. Best Pract Res Clin Rheumatol. 
2015; 29: 120-130.

56. Lemley KJ, Hunter SK, Bement MK. Conditioned pain modulation 
predicts exercise-induced hypoalgesia in healthy adults. Med Sci Sports 
Exerc. 2015; 47: 176-184.

https://www.ncbi.nlm.nih.gov/pubmed/23448955
https://www.ncbi.nlm.nih.gov/pubmed/23448955
https://www.ncbi.nlm.nih.gov/pubmed/23448955
https://www.ncbi.nlm.nih.gov/pubmed/23448955
https://www.ncbi.nlm.nih.gov/pubmed/28684932
https://www.ncbi.nlm.nih.gov/pubmed/28684932
https://www.ncbi.nlm.nih.gov/pubmed/23044671
https://www.ncbi.nlm.nih.gov/pubmed/23044671
https://www.ncbi.nlm.nih.gov/pubmed/23044671
https://www.ncbi.nlm.nih.gov/pubmed/23591454
https://www.ncbi.nlm.nih.gov/pubmed/23591454
https://www.ncbi.nlm.nih.gov/pubmed/23591454
https://www.ncbi.nlm.nih.gov/pubmed/23591454
https://www.ncbi.nlm.nih.gov/pubmed/9354440
https://www.ncbi.nlm.nih.gov/pubmed/9354440
https://www.ncbi.nlm.nih.gov/pubmed/9354440
https://www.ncbi.nlm.nih.gov/pubmed/8988044
https://www.ncbi.nlm.nih.gov/pubmed/8988044
https://www.ncbi.nlm.nih.gov/pubmed/8988044
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0160939
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0160939
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0160939
https://www.ncbi.nlm.nih.gov/pubmed/26807863
https://www.ncbi.nlm.nih.gov/pubmed/26807863
https://www.ncbi.nlm.nih.gov/pubmed/26807863
https://www.ncbi.nlm.nih.gov/pubmed/25283328
https://www.ncbi.nlm.nih.gov/pubmed/25283328
https://www.ncbi.nlm.nih.gov/pubmed/25283328
https://www.ncbi.nlm.nih.gov/pubmed/25283328
https://www.ncbi.nlm.nih.gov/pubmed/12050095
https://www.ncbi.nlm.nih.gov/pubmed/12050095
https://www.ncbi.nlm.nih.gov/pubmed/12050095
https://www.ncbi.nlm.nih.gov/pubmed/17646168
https://www.ncbi.nlm.nih.gov/pubmed/17646168
https://www.ncbi.nlm.nih.gov/pubmed/17646168
https://onlinelibrary.wiley.com/doi/full/10.1002/cncr.28878
https://onlinelibrary.wiley.com/doi/full/10.1002/cncr.28878
https://onlinelibrary.wiley.com/doi/full/10.1002/cncr.28878
https://www.ncbi.nlm.nih.gov/pubmed/18497969
https://www.ncbi.nlm.nih.gov/pubmed/18497969
https://www.ncbi.nlm.nih.gov/pubmed/18497969
https://www.ncbi.nlm.nih.gov/pubmed/18497969
https://www.ncbi.nlm.nih.gov/pubmed/23977724
https://www.ncbi.nlm.nih.gov/pubmed/23977724
https://www.ncbi.nlm.nih.gov/pubmed/23977724
https://www.ncbi.nlm.nih.gov/pubmed/12927570
https://www.ncbi.nlm.nih.gov/pubmed/12927570
https://www.ncbi.nlm.nih.gov/pubmed/12927570
https://www.ncbi.nlm.nih.gov/pubmed/30573180
https://www.ncbi.nlm.nih.gov/pubmed/30573180
https://academic.oup.com/jnci/article/107/5/djv040/891196
https://academic.oup.com/jnci/article/107/5/djv040/891196
https://academic.oup.com/jnci/article/107/5/djv040/891196
https://bmccancer.biomedcentral.com/articles/10.1186/1471-2407-8-316
https://bmccancer.biomedcentral.com/articles/10.1186/1471-2407-8-316
https://bmccancer.biomedcentral.com/articles/10.1186/1471-2407-8-316
https://www.ncbi.nlm.nih.gov/pubmed/23997192
https://www.ncbi.nlm.nih.gov/pubmed/23997192
https://www.ncbi.nlm.nih.gov/pubmed/22851666
https://www.ncbi.nlm.nih.gov/pubmed/22851666
https://www.ncbi.nlm.nih.gov/pubmed/22851666
https://www.ncbi.nlm.nih.gov/pubmed/21653222
https://www.ncbi.nlm.nih.gov/pubmed/21653222
https://www.ncbi.nlm.nih.gov/pubmed/21653222
https://www.ncbi.nlm.nih.gov/pubmed/19878635
https://www.ncbi.nlm.nih.gov/pubmed/19878635
https://www.ncbi.nlm.nih.gov/pubmed/19878635
https://www.ncbi.nlm.nih.gov/pubmed/19878635
https://www.ncbi.nlm.nih.gov/pubmed/24146095
https://www.ncbi.nlm.nih.gov/pubmed/24146095
https://www.ncbi.nlm.nih.gov/pubmed/24146095
https://www.ncbi.nlm.nih.gov/pubmed/19453205
https://www.ncbi.nlm.nih.gov/pubmed/19453205
https://www.ncbi.nlm.nih.gov/pubmed/21922251
https://www.ncbi.nlm.nih.gov/pubmed/21922251
https://www.ncbi.nlm.nih.gov/pubmed/21922251
https://cebp.aacrjournals.org/content/14/7/1672
https://cebp.aacrjournals.org/content/14/7/1672
https://cebp.aacrjournals.org/content/14/7/1672
https://cebp.aacrjournals.org/content/14/7/1672
https://www.ncbi.nlm.nih.gov/pubmed/25194450
https://www.ncbi.nlm.nih.gov/pubmed/25194450
https://www.ncbi.nlm.nih.gov/pubmed/25194450
https://www.ncbi.nlm.nih.gov/pubmed/25194450
https://www.ncbi.nlm.nih.gov/pubmed/23097000
https://www.ncbi.nlm.nih.gov/pubmed/23097000
https://www.ncbi.nlm.nih.gov/pubmed/23097000
https://www.ncbi.nlm.nih.gov/pubmed/26401466
https://www.ncbi.nlm.nih.gov/pubmed/26401466
https://www.ncbi.nlm.nih.gov/pubmed/26401466
https://www.ncbi.nlm.nih.gov/pubmed/21934503
https://www.ncbi.nlm.nih.gov/pubmed/21934503
https://www.ncbi.nlm.nih.gov/pubmed/21934503
https://www.ncbi.nlm.nih.gov/pubmed/26556766
https://www.ncbi.nlm.nih.gov/pubmed/26556766
https://www.ncbi.nlm.nih.gov/pubmed/26556766
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4724744/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4724744/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4724744/
https://www.ncbi.nlm.nih.gov/pubmed/22940521
https://www.ncbi.nlm.nih.gov/pubmed/22940521
https://www.ncbi.nlm.nih.gov/pubmed/22940521
https://www.ncbi.nlm.nih.gov/pubmed/22940521
https://www.ncbi.nlm.nih.gov/pubmed/24927670
https://www.ncbi.nlm.nih.gov/pubmed/24927670
https://www.ncbi.nlm.nih.gov/pubmed/24927670
https://www.ncbi.nlm.nih.gov/pubmed/18583048
https://www.ncbi.nlm.nih.gov/pubmed/18583048
https://www.ncbi.nlm.nih.gov/pubmed/26267006
https://www.ncbi.nlm.nih.gov/pubmed/26267006
https://www.ncbi.nlm.nih.gov/pubmed/26267006
https://www.ncbi.nlm.nih.gov/pubmed/24870571
https://www.ncbi.nlm.nih.gov/pubmed/24870571
https://www.ncbi.nlm.nih.gov/pubmed/24870571


Almeida M, et al., Journal of Physical and Rehabilitation Medicine Forecast

2019 | Volume 2 | Edition 2 | Article 1011ScienceForecast Publications LLC., | https://scienceforecastoa.com/ 6

57. Carek PJ, Laibstain SE, Carek SM. Exercise for the Treatment of Depression 
and Anxiety. Int J Psychiatry Med. 2011; 41: 15-28.

58. Medysky ME, Temesi J, Culos-Reed SN, Millet GY. Exercise, sleep and 
cancer-related fatigue: Are they related? Neurophysiol Clin. 2017; 47: 111-
122.

59. Henriksson A, Arving C, Johansson B, Igelström H, Nordin K. Perceived 
barriers to and facilitators of being physically active during adjuvant 
cancer treatment. Patient Educ Couns. 2016; 99: 1220-1226.

60. Russell S. Parastomal hernia and physical activity. Are patients getting the 
right advice? Br J Nurs. 2017; 26: 12-18.

61. Stylinski R, Alzubedi A, Rudzki S. Parastomal hernia-current knowledge 
and treatment. Wideochir Inne Tech Maloinwazyjne. 2018; 13: 1-8.

62. Odensten C, Strigard K, Rutegard J, Dahlberg M, Ståhle U, Gunnarsson 
U, et al. Use of Prophylactic Mesh When Creating a Colostomy Does 
Not Prevent Parastomal Hernia: A Randomized Controlled Trial-
STOMAMESH. Ann Surg. 2019; 269: 427-431.

https://journals.sagepub.com/doi/10.2190/PM.41.1.c
https://journals.sagepub.com/doi/10.2190/PM.41.1.c
https://www.ncbi.nlm.nih.gov/pubmed/28392007
https://www.ncbi.nlm.nih.gov/pubmed/28392007
https://www.ncbi.nlm.nih.gov/pubmed/28392007
https://www.ncbi.nlm.nih.gov/pubmed/26860549
https://www.ncbi.nlm.nih.gov/pubmed/26860549
https://www.ncbi.nlm.nih.gov/pubmed/26860549
https://www.ncbi.nlm.nih.gov/pubmed/28956976
https://www.ncbi.nlm.nih.gov/pubmed/28956976
https://www.ncbi.nlm.nih.gov/pubmed/29643952
https://www.ncbi.nlm.nih.gov/pubmed/29643952
https://insights.ovid.com/crossref?an=00000658-201903000-00009
https://insights.ovid.com/crossref?an=00000658-201903000-00009
https://insights.ovid.com/crossref?an=00000658-201903000-00009
https://insights.ovid.com/crossref?an=00000658-201903000-00009

	Title
	Abstract
	Introduction
	Search Strategy
	Cancer as a Barrier to Exercise
	First step: understanding the barriers
	Stoma as a barrier to physical activity
	The importance of shifting process
	Biological mechanisms of exercise benefits
	Hypothesis of decreased gastrointestinal transit time
	Preventing proliferative signaling
	Growth suppressor pathway and apoptosis regulation
	Immune escaping pathway
	Inducing angiogenesis
	Preventing tumoral invasion and metastasis
	Myokines theory

	General Benefits of Exercise
	Special Consideration about Parastomal Hernia
	Conclusions
	What is already known?
	What are the new findings?

	Acknowledgements
	References

