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Introduction
Cancer is a complex disease characterized by the uncontrolled 

growth of abnormal cells. This disease is considered to be 
one of the leading causes of death in the world, with about 8.2 
million deaths and 13% of overall mortality [1]. In America, 
the improvement of clinical care over the past few decades 
has allowed improving the 5-year relative survival to 69% [2]; 
this being similar in other continents such as Europe [3]. Some 
patients with cancer are sometimes obligated to rest excessively, 
which causes a lack of daily exercise resulting in a decrease in 
their functional state [4]. Indeed, almost 68% of cancer patients 
do not comply with exercise recommendations, while this practice 
is safe for them [5]. However, the literature is explicit about this as 
it informs that changes in the lifestyle, including exercise, can have 
a major impact on the risk of different types of cancer [6]. Recently, 
exercise in oncology has been proposed as an effective strategy in 
managing symptoms, reducing psychological distress (i.e. anxiety, 
depression) and easing the harmful effects of treatments [7-9]. 
The studies showing the direct benefits of exercise on cancer 
are valuable [10]. However, the mechanisms leading to these 
improvements are still unclear.

In oncology, the main cancer treatments are surgery, radia-
tion therapy, and systemic therapy or chemotherapy [11]. Most  

 
anticancer therapies are administered intravenously rather than 
orally due to the immediate and complete bioavailability follow-
ing intravenous administration [12]. Oral drugs are attractive be-
cause of their convenience and ease of administration, but their 
solubility affects their bioavailability. Indeed, if a drug reports 
poor solubility, the absorption of the drug in the aqueous gastro-
intestinal fluids is insufficient [13]. Several anticancer oral drugs 
have a low therapeutic window and the prescribed dose is close to 
the maximum dose tolerated by patients [14]. The more effective 
the bioavailability of a drug, the better the delivery of the drug 
to the active site, optimizing pharmacokinetics. Pharmacokinetics 
explain the relationship between the absorption, distribution, me-
tabolism, and excretion of a drug and its metabolites. Organisms 
respond only to the fraction which is biologically available [15]. 
Thus, one of the current problems concerns the biological avail-
ability of oral anticancer drugs which have a low bioavailability 
[14]. The practice of exercise may influence the pharmacokinetics 
of drugs, but the number of studies in this field is limited [16]. 
It then seems legitimate to hypothesize that exercise plays a role 
in the bioavailability of cancer drugs. One of the plausible mech-
anisms for explaining this is that exercise would improves tissue 
and cell vascularization to optimize the transport of the cancer 
drug in the body. Some studies have investigated this mechanism 
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in the murine model [17-19], however, to our knowledge, it does 
not appear that there have been such studies in cancer patients. 

As a matter of fact, no articles have focused on the role of 
exercise in the bioavailability of cancer drugs. Our first aim is to 
evaluate the effect of the exercise on the biological availability 
of cancer drugs. The second aim is to show a poverty of data 
examining the role of exercise in the bioavailability of cancer 
drugs by a comprehensive review of the existing literature.

Systematic Review of Exercise effects on the Bioavail-
ability of Cancer Treatments

In order to answer our aims, a systematic literature search 
was performed by two independent reviewers (MC, DC) in 
PubMed (MEDLINE) (1946 to January 30, 2019), Web of Science 
(all databases) (1945 to January 30, 2019), EMBASE (1974 to 
January 30, 2019), Cochrane Central Register of Controlled Trials 
(November, 2016 to January 30, 2019), Reviews - Cochrane 
Database of Systematic Reviews (2005 to January 25, 2019) and 
Scopus (1970 to January 30, 2019). The search terms for inclusion 
criteria are a combination of database specific MeSH terms and 
keywords: “Motor Activity” OR exercise OR “physical activity” 
OR sport* AND “Biological Availability” OR bioavailabilit* OR 
“biological availability” AND “Neoplasms” OR cancer* OR tumor*. 

When it is possible, in the different database, we add the human 
filter. Also, the reference lists of all identified studies are scanned 
manually for additional studies.

We included all studies which investigate exercise and the 
biological availability of cancer drugs in human subjects without 
any age restriction (age of children “≤” 18 and age of adults >19). 
No publication date or language restrictions are applied to the 
initial search. However, during the first analysis by abstract, the 
conference abstracts, case reports, reviews, theses, letter to editor 
or protocol paper are excluded due to the inability to evaluate the 
risk of bias of the individual study. When the title and the abstract 
are potentially eligible for inclusion, a full-text is obtained after 
removal of duplicates. The studies with a design of randomized 
controlled trials (RCT), nonrandomized controlled trials (NCT) 
and uncontrolled interventions (i.e. pre and posttests without 
controls) are included.

Two independent researchers (MC and DC) review the articles 
for eligibility and validity. Data extraction is performed by one 
investigator (MC); when data are lacking in the original article, 
the authors of the review contact the original author to obtain 
additional data. To assess scientific evidence for each study, this 
review is conducted following the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) statement [20].

Figure 1: Literature search and study selection from PRISMA statement. 

A flow-chart showing the different phases of the review 
according to the PRISMA schema is depicted in Figure 1. The 
electronic database search generated 236 potential articles that 
are screened for eligibility. After the first analysis by title and 
abstract, 10 abstracts are assessed. Among these abstracts, 8 do 
not meet our inclusion and exclusion criteria. A total of 2 studies 
are identifed as eligible and valid for a full-text review. These 2 
articles do not fit our criteria and are excluded.

The potential role of Exercise in the Bioavailability of 
Cancer Drugs

The aim of this research is to examine the potential role of 
exercise in the bioavailability of cancer drugs. Our study shows a 
poverty of data examining the role of exercise in the bioavailability 
of cancer drugs. To our knowledge, this is the first published 
article to examine this issue. 
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The interaction of exercise and the bioavailability of cancer 
drugs is legitimate. Indeed, exercise produces many positive 
physiological changes in the human body. It is shown that exercise 
increases muscular blood flow [21] and is positively correlated 
with the increased content of red blood cells [22]. In exercise 
physiology, the main role of red blood cells is the transport of 
oxygen by hemoglobin [23]. However, in the human organism, the 
red blood cells can also have a role in the transport of drugs [24]. 
In cancer patients, many suffer from anemia, since, they do not 
have enough healthy red blood cells in their organism [25]. This 
is accentuated by chemotherapy treatments [26]. Thus, in cancer, 
the involvement of exercise in the transport of drugs is very 
interesting. Indeed, exercise promotes the increase of red cell mass 
and plasma blood allowing the increase of blood volume [27]. The 
implication of exercise in the transport of red blood cells in cancer 
drugs is very important. Especially since the cellular absorption 
of cytotoxic drugs (i.e. chemotherapeutics) is recognized in the 
destruction of tumors [28]. 

This study shows that there is a significant lack of data on the 
bioavailability of cancer drugs in exercise. The diagnosis and the 
stage of cancer are two important characteristics that play in role 
in how the body responds to bioavailability [29]. Also, individual 
characteristics and type of exercises practiced also play a role in 
the response of the human body [29]. The literature observes a 
possible effect of exercise in improving the bioavailability of drugs. 
The authors of this article hypothesize that exercise could promote 
the bioavailability of cancer drugs through better vascularization 
of the cancer cell, thus allowing greater circulation of red blood 
cells carrying the cancer drugs. Further oncology studies are 
required to better understand how exercise can have a potential 
role in bioavailability of cancer drugs.

Acknowledgement
We appreciate the assistance of Ariane Levesque (McGill 

University) for her review of the article in the English language.

References
1. WHO (2017) Cancer: World Health Organisation.

2. American Cancer Society (2016) Cancer facts and figures. Atlanta, GA, 
USA.

3. De Angelis R, Sant M, Coleman MP, Francisci S, Baili P, et al. (2014) 
Cancer survival in Europe 1999-2007 by country and age: results of 
EUROCARE-5-a population-based study. Lancet Oncol 15(1): 23-34.

4. Dimeo F (2000) Exercise for cancer patients: a new challenge in sports 
medicine. Br J Sports Med 34(3): 160-161.

5. Irwin ML, McTiernan A, Bernstein L, Gilliland FD, Baumgartner R, et al. 
(2004) Physical activity levels among breast cancer survivors. Med Sci 
Sports Exerc 36(9): 1484-1491.

6. Kushi LH, Doyle C, McCullough M, Rock CL, Demark-Wahnefried W, et al. 
(2012) American Cancer Society Guidelines on nutrition and physical 
activity for cancer prevention: reducing the risk of cancer with healthy 
food choices and physical activity. CA Cancer J Clin 62(1): 30-67.

7. Gerritsen JK, Vincent AJ (2015) Exercise improves quality of life 
in patients with cancer: a systematic review and meta-analysis of 
randomised controlled trials. Br J Sports Med 50(13): 796-803.

8. Craft LL, VanIterson EH, Helenowski IB, Rademaker AW, Courneya KS 
(2012) Exercise Effects on Depressive Symptoms in Cancer Survivors: 
A Systematic Review and Meta-Analysis. Cancer epidemiology 
biomarkers & prev 21(1): 3-19. 

9. Tian L, Lu HJ, Lin L, Hu Y (2016) Effects of aerobic exercise on cancer-
related fatigue: a meta-analysis of randomized controlled trials. 
Supportive care cancer 24(2): 969-983.

10. Fairey AS, Courneya KS, Field CJ, Bell GJ, Jones LW, et al. (2005) 
Randomized controlled trial of exercise and blood immune function in 
postmenopausal breast cancer survivors. J Appl Physiol (1985) 98(4): 
1534-1540.

11. Courneya KS (2001) Exercise interventions during cancer treatment: 
biopsychosocial outcomes. Exerc Sport Sci Rev 29(2): 60-64.

12. O’Neill VJ, Twelves CJ (2002) Oral cancer treatment: developments in 
chemotherapy and beyond. Br J Cancer 87(9): 933-937.

13. Savjani KT, Gajjar AK, Savjani JK (2012) Drug Solubility: Importance 
and Enhancement Techniques. ISRN Pharmaceutics Article ID 195727, 
pp. 10.

14. Ananthula S (2014) Bioavailability and Bioequivalence Issues 
Associated With Oral Anticancer Drugs and Effect on Drug Market. 
Journal of Bioequivalence & Bioavailability 6: e56.

15. Harmsen J (2007) Measuring bioavailability: from a scientific approach 
to standard methods. J Environ Qual 36(5): 1420-1428.

16. Khazaeinia T, Ramsey AA, Tam YK (2000) The effects of exercise on the 
pharmacokinetics of drugs. J Pharm Pharm Sci 3(3):292-302.

17. Betof AS, Lascola CD, Weitzel D, Landon C, Scarbrough PM, et al. 
(2015) Modulation of Murine Breast Tumor Vascularity, Hypoxia, and 
Chemotherapeutic Response by Exercise. J Natl Cancer Inst 107(5): 
djv040.

18. McCullough DJ, Stabley JN, Siemann DW, Behnke BJ (2014) Modulation 
of blood flow, hypoxia, and vascular function in orthotopic prostate 
tumors during exercise. J Natl Cancer Inst 106(4): dju036.

19. Jones LW, Viglianti BL, Tashjian JA, Kothadia SM, Keir ST, et al. (2010) 
Effect of aerobic exercise on tumor physiology in an animal model of 
human breast cancer. J Appl Physiol (1985) 108(2):343-348.

20. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. (2009) 
Preferred reporting items for systematic reviews and meta-analyses: 
the PRISMA statement. PLoS Med 6(7): e1000097.

21. Ylitalo P (1991) Effect of exercise on pharmacokinetics. Ann Med 
23(3): 289-294.

22. Mairbaurl H (2013) Red blood cells in sports: effects of exercise and 
training on oxygen supply by red blood cells. Front Physiol 4: 332.

23. Hsia CC (1998) Respiratory function of hemoglobin. N Engl J Med 
338(4): 239-248.

24. Krantz A (1997) Red cell-mediated therapy: opportunities and 
challenges. Blood Cells, Molecules, and Diseases 23(1): 58-68.

25. Knight K, Wade S, Balducci L (2004) Prevalence and outcomes of 
anemia in cancer: a systematic review of the literature. Am J Med 116 
(Suppl 7A): 11S-26S.

26. Rodgers GM 3rd, Becker PS, Blinder M, Cella D, Chanan-Khan A, et al. 
(2012) Cancer- and chemotherapy-induced anemia. J Natl Compr Canc 
Netw 10(5): 628-653.

27. Convertino VA (2007) Blood volume response to physical activity and 
inactivity. Am J Med Sci 334(1): 72-79.

28. Schrijvers D (2003) Role of red blood cells in pharmacokinetics of 
chemotherapeutic agents. Clin Pharmacokinet 42(9): 779-791.

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

http://dx.doi.org/10.19080/AJPN.2019.07.555775
http://www.who.int/cancer/en/
https://www.ncbi.nlm.nih.gov/pubmed/24314615
https://www.ncbi.nlm.nih.gov/pubmed/24314615
https://www.ncbi.nlm.nih.gov/pubmed/24314615
https://www.ncbi.nlm.nih.gov/pubmed/10854012
https://www.ncbi.nlm.nih.gov/pubmed/10854012
https://www.ncbi.nlm.nih.gov/pubmed/15354027
https://www.ncbi.nlm.nih.gov/pubmed/15354027
https://www.ncbi.nlm.nih.gov/pubmed/15354027
https://www.ncbi.nlm.nih.gov/pubmed/22237782
https://www.ncbi.nlm.nih.gov/pubmed/22237782
https://www.ncbi.nlm.nih.gov/pubmed/22237782
https://www.ncbi.nlm.nih.gov/pubmed/22237782
https://www.ncbi.nlm.nih.gov/pubmed/26719503
https://www.ncbi.nlm.nih.gov/pubmed/26719503
https://www.ncbi.nlm.nih.gov/pubmed/26719503
https://www.ncbi.nlm.nih.gov/pubmed/22068286
https://www.ncbi.nlm.nih.gov/pubmed/22068286
https://www.ncbi.nlm.nih.gov/pubmed/22068286
https://www.ncbi.nlm.nih.gov/pubmed/22068286
https://www.ncbi.nlm.nih.gov/pubmed/26482381
https://www.ncbi.nlm.nih.gov/pubmed/26482381
https://www.ncbi.nlm.nih.gov/pubmed/26482381
https://www.ncbi.nlm.nih.gov/pubmed/15772062
https://www.ncbi.nlm.nih.gov/pubmed/15772062
https://www.ncbi.nlm.nih.gov/pubmed/15772062
https://www.ncbi.nlm.nih.gov/pubmed/15772062
https://www.ncbi.nlm.nih.gov/pubmed/11337824
https://www.ncbi.nlm.nih.gov/pubmed/11337824
https://www.ncbi.nlm.nih.gov/pubmed/12434279/
https://www.ncbi.nlm.nih.gov/pubmed/12434279/
https://www.hindawi.com/journals/isrn/2012/195727/
https://www.hindawi.com/journals/isrn/2012/195727/
https://www.hindawi.com/journals/isrn/2012/195727/
https://www.ncbi.nlm.nih.gov/pubmed/17766821
https://www.ncbi.nlm.nih.gov/pubmed/17766821
https://www.ncbi.nlm.nih.gov/pubmed/11293389
https://www.ncbi.nlm.nih.gov/pubmed/11293389
https://www.ncbi.nlm.nih.gov/pubmed/25780062
https://www.ncbi.nlm.nih.gov/pubmed/25780062
https://www.ncbi.nlm.nih.gov/pubmed/25780062
https://www.ncbi.nlm.nih.gov/pubmed/25780062
https://www.ncbi.nlm.nih.gov/pubmed/24627275
https://www.ncbi.nlm.nih.gov/pubmed/24627275
https://www.ncbi.nlm.nih.gov/pubmed/24627275
https://www.ncbi.nlm.nih.gov/pubmed/19959769
https://www.ncbi.nlm.nih.gov/pubmed/19959769
https://www.ncbi.nlm.nih.gov/pubmed/19959769
https://www.ncbi.nlm.nih.gov/pubmed/19621072
https://www.ncbi.nlm.nih.gov/pubmed/19621072
https://www.ncbi.nlm.nih.gov/pubmed/19621072
https://www.ncbi.nlm.nih.gov/pubmed/1930919
https://www.ncbi.nlm.nih.gov/pubmed/1930919
https://www.ncbi.nlm.nih.gov/pubmed/24273518/
https://www.ncbi.nlm.nih.gov/pubmed/24273518/
https://www.ncbi.nlm.nih.gov/pubmed/9435331
https://www.ncbi.nlm.nih.gov/pubmed/9435331
https://www.sciencedirect.com/science/article/abs/pii/S1079979697901194
https://www.sciencedirect.com/science/article/abs/pii/S1079979697901194
https://www.ncbi.nlm.nih.gov/pubmed/15050883
https://www.ncbi.nlm.nih.gov/pubmed/15050883
https://www.ncbi.nlm.nih.gov/pubmed/15050883
https://www.ncbi.nlm.nih.gov/pubmed/22570293
https://www.ncbi.nlm.nih.gov/pubmed/22570293
https://www.ncbi.nlm.nih.gov/pubmed/22570293
https://www.ncbi.nlm.nih.gov/pubmed/17630597
https://www.ncbi.nlm.nih.gov/pubmed/17630597
https://www.ncbi.nlm.nih.gov/pubmed/12882586
https://www.ncbi.nlm.nih.gov/pubmed/12882586
https://www.ncbi.nlm.nih.gov/pubmed/23977724
https://www.ncbi.nlm.nih.gov/pubmed/23977724
https://www.ncbi.nlm.nih.gov/pubmed/23977724


How to cite this article: Maxime C, Daniel C. The Potential Role of Exercise on the Bioavailability of Cancer Treatments. Acad J Ped Neonatol. 2019; 
7(4): 555775. DOI: 10.19080/AJPN.2019.07.555775.0077

Academic Journal of Pediatrics & Neonatology

This work is licensed under Creative
Commons Attribution 4.0 Licens
DOI: 10.19080/AJPN.2019.07.555775

Your next submission with Juniper Publishers    
      will reach you the below assets

• Quality Editorial service
• Swift Peer Review
• Reprints availability
• E-prints Service
• Manuscript Podcast for convenient understanding
• Global attainment for your research
• Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
• Unceasing customer service

                     Track the below URL for one-step submission 
             https://juniperpublishers.com/online-submission.php

http://dx.doi.org/10.19080/AJPN.2019.07.555775
http://dx.doi.org/10.19080/AJPN.2019.07.555775
https://juniperpublishers.com/online-submission.php

	The Potential Role of Exercise on the Bioavailability of Cancer Treatments
	Abstract
	Introduction 
	Systematic Review of Exercise effects on the Bioavailability of Cancer Treatments
	The potential role of Exercise in the Bioavailability of Cancer Drugs
	Acknowledgement 
	References
	Figure 1

