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Chemotherapy and radiotherapy are an essential treatment for 
many cancers, sometimes in combination with cytoreductive surgery. 
While radiotherapy destroys cancer cells by ionizing radiation that 
directly damages DNA, most of the chemotherapeutic agents generate 
Reactive Oxygen Species (ROS) that lead to oxidative damage in 
various molecules of the cell [1]. However, both processes mainly 
induce apoptosis to kill cancer cells. Any cancer cells that are not killed 
by these therapies could proliferate again, resulting in the relapse of 
cancer. 

The clinical benefit of using antioxidant supplements along with 
chemotherapy and radiotherapy is highly debatable, and not conclusive. 
This is either due to incomplete investigations, lack of enough samples 
for suitable statistical analysis, or failure to correlate wide ranges of 
different parameters used in different studies [2]. However, some of 
the clinical studies suggest that the antioxidant supplemented group 
had a worst survival rate, than the group who did not use antioxidant 
supplements [3]. Although in some cases, use of antioxidant has fewer 
side effects leading to less damage to normal tissues, but with a decrease 
in the overall survival rate. The ROS generated by anticancer agents, 
although effective in killing cancer cells, also alters other cellular 
pathways leading to various side effects [4]. The serious side effects 
encountered in chemotherapy include nephrotoxicity, ototoxicity 
or cardiotoxicity [2]. However, it is also believed that antioxidant 
supplemented reduction of side effects depends, mainly on using 
specific anticancer drugs for certain cancers.

Thus, the intriguing question is whether antioxidant should 
continue to be used along with chemotherapy, or should be avoided. 
Also, the question arises whether cancer cells should be killed 
completely to cure cancers, without considering side effects. Logically, 
complete cure of cancer by overcoming drug resistance with minimal 
side effects should be the first priority.

A systematic search including chemotherapy and ROS generation 
yielded more than 13,000 publications in the PubMed database, 
including mainly clinical studies. Searching anticancer agents mediated 
ROS generation yielded 307 studies in most recent years, demonstrating 
an intense focus shift towards understanding the mechanism of drug-
mediated cancer cell death, through ROS generation. This shift could 
be attributed to the use of current genomic and molecular biology 
tools, to help understand adverse outcomes of chemotherapy and drug 
resistance that are observed in decades of clinical treatments. Arguably, 
as most of the recent studies have pointed out, if those anticancer 
agents generate ROS to kill cancer cells, then why antioxidant would 
be used along with chemotherapy? Instead, elevation of ROS should be 
the most effective way to supplement anticancer drugs. In addition, it 
has been observed in several recent reports that a reduced ROS level is 
attributed to drug resistance in certain cancer cells for some anticancer 
drugs [1,5], and indirectly supported by other studies [6,7]. Thus, 
increase of ROS level along with the drug could help in overcoming 
drug resistance during chemotherapy.

Now what are the means to elevate ROS level in the cancer cell 
for effective killing with chemotherapy? The simple answers are by 
manipulating antioxidant genes or ROS maintaining genes/enzymes, 
or by conjugating nanoparticles that generate ROS, or by introducing 

external ROS to the tumor sites. Although, several antioxidant genes 
are known such as SODs (superoxide dismutases), catalase, GSH 
(glutathione), thioredoxins and peroxiredoxins, the ROS maintaining 
genes (e.g. ARHGEF6, p53, APEX1 etc.), and their mechanisms 
are largely unknown. Nanoparticles-mediated ROS generation 
technologies are also being developed [8]. 

The most important question is how effective overall would it be 
to overcome drug resistance by elevating the ROS level? At this point, 
extensive investigations could be initiated to assess the effect of elevated 
level of ROS to overcome drug resistance for many anticancer drugs in 
different types of cancers. After successful characterization in cellular 
and mouse models, the results could be implemented in systematic 
clinical trials. Thus, in the coming years, advanced chemotherapeutic 
treatments could be supplemented by means of ROS elevation, rather 
than with antioxidants.

References

1. Maiti AK (2012) Genetic determinants of oxidative stress-mediated sensitization 
of drug-resistant cancer cells. Int J Cancer 130: 1-9.

2. Fuchs-Tarlovsky V (2012) Role of antioxidants in cancer therapy. Nutrition.

3. Lawenda BD, Kelly KM, Ladas EJ, Sagar SM, Vickers A, et al. (2008) Should 
supplemental antioxidant administration be avoided during chemotherapy and 
radiation therapy? J Natl Cancer Inst 100: 773-783.

4. Block KI, Koch AC, Mead MN, Tothy PK, Newman RA, et al. (2008) Impact of 
antioxidant supplementation on chemotherapeutic toxicity: a systematic review 
of the evidence from randomized controlled trials. Int J Cancer 123: 1227-1239.

5. Maiti AK (2010) Gene network analysis of oxidative stress-mediated drug 
sensitivity in resistant ovarian carcinoma cells. Pharmacogenomics J 10: 94-
104.

6. Konstantinopoulos PA, Spentzos D, Fountzilas E, Francoeur N, Sanisetty S, 
et al. (2011) Keap1 mutations and Nrf2 pathway activation in epithelial ovarian 
cancer. Cancer Res 71: 5081-5089.

7.  Syed Alwi SS, Cavell BE, Donlevy A, Packham G (2012) Differential induction 
of apoptosis in human breast cancer cell lines by phenethyl isothiocyanate, a 
glutathione depleting agent. Cell Stress Chaperones 17: 529-538.

8. Shubayev VI, Pisanic TR 2nd, Jin S (2009) Magnetic nanoparticles for 
theragnostics. Adv Drug Deliv Rev 61: 467-477.

Chemotherapy: Open AccessCh
em

ot
he

rapy: Open Access

ISSN: 2167-7700

http://www.ncbi.nlm.nih.gov/pubmed?term=Genetic determinants of oxidative stress-mediated sensitization of drug-resistant cancer cells
http://www.ncbi.nlm.nih.gov/pubmed?term=Genetic determinants of oxidative stress-mediated sensitization of drug-resistant cancer cells
http://www.ncbi.nlm.nih.gov/pubmed/22784609
http://www.ncbi.nlm.nih.gov/pubmed/18505970
http://www.ncbi.nlm.nih.gov/pubmed/18505970
http://www.ncbi.nlm.nih.gov/pubmed/18505970
http://www.ncbi.nlm.nih.gov/pubmed/18623084
http://www.ncbi.nlm.nih.gov/pubmed/18623084
http://www.ncbi.nlm.nih.gov/pubmed/18623084
http://www.ncbi.nlm.nih.gov/pubmed?term=%29 Gene network analysis of oxidative stress-mediated drug sensitivity in resistant ovarian carcinoma cells
http://www.ncbi.nlm.nih.gov/pubmed?term=%29 Gene network analysis of oxidative stress-mediated drug sensitivity in resistant ovarian carcinoma cells
http://www.ncbi.nlm.nih.gov/pubmed?term=%29 Gene network analysis of oxidative stress-mediated drug sensitivity in resistant ovarian carcinoma cells
http://www.ncbi.nlm.nih.gov/pubmed?term=Keap1 mutations and Nrf2 pathway activation in epithelial ovarian cancer
http://www.ncbi.nlm.nih.gov/pubmed?term=Keap1 mutations and Nrf2 pathway activation in epithelial ovarian cancer
http://www.ncbi.nlm.nih.gov/pubmed?term=Keap1 mutations and Nrf2 pathway activation in epithelial ovarian cancer
http://www.ncbi.nlm.nih.gov/pubmed?term=Differential induction of apoptosis in human breast cancer cell lines by phenethyl isothiocyanate%2C a glutathione depleting agent.
http://www.ncbi.nlm.nih.gov/pubmed?term=Differential induction of apoptosis in human breast cancer cell lines by phenethyl isothiocyanate%2C a glutathione depleting agent.
http://www.ncbi.nlm.nih.gov/pubmed?term=Differential induction of apoptosis in human breast cancer cell lines by phenethyl isothiocyanate%2C a glutathione depleting agent.
http://www.ncbi.nlm.nih.gov/pubmed?term=Magnetic nanoparticles for theragnostics. Adv Drug Deliv Rev
http://www.ncbi.nlm.nih.gov/pubmed?term=Magnetic nanoparticles for theragnostics. Adv Drug Deliv Rev

	Title
	Corresponding author
	References



