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Abstract

Background: Blood oxidant profile affects tumor cell eradication in cancer patients undergoing thermotherapy.
Objective: The study objectives were the determination of the blood oxidant/antioxidant balance in colorectal
cancer (CRC) before and after the XELOX regimen combined with Bevacizumab, and also the effect of treatment
on the oxidative stress markers during the first cycle of chemotherapy.

Methods: In this case-control study, 50 healthy controls and 41 colorectal patients were recruited at Popular
Hospital Establishment and Avicéne Medical Clinic (Maghnia city, Algeria) during 2019. Blood samples were
collected from participants before and after treatment. To determine the fluctuations of redox status vis-a-vis of
treatment, levels of oxidant and antioxidant parameters were measured using spectrophotometry. Data were
analyzed using independent samples t-test and Pearson’s correlation coefficients.

Results: The obtained results highlighted the presence of oxidative stress in CRC cases compared to controls. In
CRC, high levels in malondialdehyde (3.06+0.65 umol/L, p=0.090), superoxide anion (8.38+0.21 umol /L,
p=0.478), carbonyl proteins (0.453+0.11 nmol/mg protein; p=0.292), and peroxynitrite (12.8+4.27 pmol/mL,
p=0.093) with significant difference in nitric oxide value (26.07+5.50pumol /L; p=0.0001) were depicted before
treatment and, and low total activities of superoxide dismutase (37.81+0.07 U/gHb; p=0.0001) and catalase
(29.334+4.99 U/gHb; p=0.0001) with a decrease of glutathione (2.92+0.9 mmol/ L; p=0.0001) concentration were
recorded. After treatment, malondialdehyde (1.59+0.11 pmol/L; p=0.003), superoxide anion (7.68+0.17 umol/L;
p=0.003), and carbonyl proteins (0.311+0.02 nmol/mg protein; p=0.024) rates decreased at the opposite of nitric
oxide (57.46+9.69 pmol/L; p=0.001) and peroxynitrite (20+£3.82 umol/mL; p=0.002) levels, which increased
markedly alike the activities of superoxide dismutase (379.54+0.66 U/gHb; p=0.05) and catalase (131.92+5.83
U/gHb; p=0.0001), and reduced glutathione level (16.11+0.57 mmol/L; p=0.0001) raised significantly.
Conclusion: Limiting the efficiency of drug treatment inhibits the eradicating effect of high blood levels of nitric
oxide and peroxynitrite for tumor cells, where cancer patients are nonresponsive to chemotherapeutic treatment.
Blood oxidant/antioxidant levels should be an effective guideline for directing the response to cancer treatments,
especially the risk of resistance to anti-tumor drugs. Redox homeostasis, which is linked to nutritional profile and
lifestyle, should be included in medical check-ups to achieve a better prediction of treatment response.
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1. Introduction

Colorectal cancer (CRC) incidence rates vary widely. More than 1.8 million new CRC cases and 881,000 deaths
were estimated worldwide in 2018. It ranks third in incidence and second in mortality (1). Health problems can be
considered a marker of socioeconomic development. In developing countries, CRC incidence tends to rise
homogeneously with increasing Human Development Index (2). Despite advanced CRC diagnosis and treatment
tecniques, the CRC mortality rate is constantly high (3). This increased incidence indicates the influence of dietary
profile, lifestyle factors, and obesity, while the mortality declines observed in more developed countries reflect
improvements in survival through the adoption of best practices in cancer treatment (4). Actually, CRC treatment
encompasses surgery, radiation and chemotherapy. However, the efficacy of these treatments varies across different
cancer cells (5). Surgery, combined with chemotherapy and/or radiotherapy, is the main CRC therapy strategy,
which is efficient in the early stage of CRC; however, it is poorly efficient in the advanced stage of CRC with
metastasis (6). There are several pathological factors, including reactive oxygen species (ROS), which are known to
be mitogenic, capable of tumor promotion (7-10), and involved in the process of cancer initiation and progression
(11-15). Note that, hypermethylation of the gene promoter regions and oxidative damage to nuclear DNA are the
main mechanisms in the initial stages of colorectal carcinogenesis (10, 11). It is admitted that an accurate regulation
of ROS production and scavenging is capital for ensuring cellular homeostasis. Therefore, various enzymatic and
non-enzymatic processes can lead to the conversion of highly reactive molecules to less reactive ones. The
detoxification from ROS in the cytoplasm, or in the mitochondria, is the main purpose of these antioxidant systems
(16). Oxidative stress is an imbalance between blood oxidants and antioxidants. It reflects an abnormal accumulation
of ROS, which has long been associated with several disease processes, including cancer. Oxidants are integrated
into numerous cellular processes by physiologically transporting signals, as a second messenger or pathologically
oxidizing lipids, proteins, and DNA (12, 16). Furthermore, oxidative stress is known to influence the response of
these patients to therapy. Moreover, the body’s defense mechanisms would ensure antioxidant defenses and try to
minimize the damage, adapting itself to the above stressful situation. The undertaken drug regimen for CRC patients
is applied in compliance with the schemes by combining a dual cytotoxic therapy “Xelox” (oxaliplatin and or
capecitabine) to a targeted agent Bevacizumab (BEVA), also called Avastin, as standard first-line therapy for
metastatic patients with CCR. Chemotherapy drugs, including “Xelox,” act on the cell division mechanisms. In that,
targeted therapies, such as BEVA, blocks specific mechanisms of cancer cells (17). Due to the emergence of drug-
resistant tumor cells, successful cancer treatment has remained challenging. Despite continuous research on
chemotherapeutic agents, different mechanisms of resistance, depending on ROS profile, have become a major
pitfall in cancer chemotherapy. The targeted objectives of this study are first to determine the redox status in newly
diagnosed CRC patients compared to healthy controls and second to evaluate the significance of the effect of the
protocol Xelox/BEVA therapy on the oxidative stress markers during the first cycle of chemotherapy.

2. Material and Methods

2.1. Subjects and inclusion criteria

A total of 41 newly diagnosed CRC patients were recruited in the department of gastrology and oncology at Popular
Hospital Establishment and a medical clinic (Maghnia city, Algeria) during 2019 after obtaining their written
consent. They had not undergone any prior treatment for their cancer. The subjects were in the age range of 45-81
years. Their body mass index (BMI, kg/m?) was obtained by dividing weight (in kilograms) by height (in meters)
squared and used as an index of body fat. Fifty healthy participants, aged from 46 to 70 years, were selected as
controls. They all had a BMI under 25 kg/m? (normal weight). Participants were asked to complete a questionnaire
with epidemiologic information containing demographic and lifestyle factors, personal and medical history, and
family history of CRC.

2.2. Exclusion criteria

Patients with any acute or chronic inflammatory disease, such as diabetes mellitus, liver disease, thyroid disease,
nephrotic syndrome, and/or known malignancy, and those who were using vitamin complements were excluded
from the study. None of the controls had an anterior history of CRC and other cancer-related diseases.

2.3. Blood Sample Collection

Blood specimens, from both healthy volunteers and CRC patients, were collected in heparinized tubes (10 mL).
After centrifugation, plasma was separated aseptically for biochemical parameters and oxidative stress markers. The
remaining erythrocytes were washed three times in isotonic saline (0.85 g/100 mL) to ensure complete removal of
plasma, leucocytes, and platelets. The washed red blood cells were undergone hemolysis by the addition of sterile
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distilled ice-cold water, stored in a refrigerator at 4° C for 15 min. Then, cell debris was pulled by centrifugation
(2,000 g/15 min). The hemolysates were used for the analysis of various antioxidants.

2.4. Reactive oxygen and nitrogen species determination (ROS)

To evaluate lipid peroxidation, erythrocyte malondialdehyde (MDA) concentrations, were assayed by the reaction of
MDA with thiobarbituric acid (Sigma Aldrich kit, Sigma Aldrich St. Louis, MO). As markers of protein oxidation,
erythrocyte carbonyls proteins (CP) were estimated by 2,4-dinitrophenylhydrazine reaction with carbonyl groups
(Sigma Aldrich kit, Sigma Aldrich St. Louis, MO). Plasma superoxide anion (O;™) concentration was determined
using the reduction of nitrobluetetrazolium NBT in monofarmazan by O, (18). The level of plasma nitric oxide
(NO") was measured using the colorimetric method of Griess reaction (Sigma Aldrich kit, Sigma Aldrich St. Louis,
MO). Plasma peroxynitrite (ONOO-) concentration was determined by the ability of peroxynitrite to nitrate phenol
at 37 °C, leading to the formation of nitrophenol according to the method of VanUffelen et al. (19).

2.5. Antioxidants determination

Erythrocyte reduced glutathione (GSH) concentration was measured using a colorimetric method based on the use of
the 5,5-dithiodis-2-nitrobenzoic acid (DTNB) molecule with GSH, which releases the thionitrobenzoic acid (TNB),
(Sigma Aldrich kit, Sigma Aldrich St. Louis, MO). Concerning enzyme activities, we first measured catalase
activity based on the reaction of the enzyme with methanol in the presence of an optimal concentration of H,O,. The
resulted formaldehyde is determined with 4-amino-3-hydrazino-5-mercapto-1,2,4-triazole, as the chromogen,
according to the Cayman kit (Cayman Chemical Company, Ann Arbor, MI). The activity of erythrocyte superoxide
dismutase (SOD) was determined by measuring the dismutation of superoxides radicals generated by xanthine
oxidase and hypoxanthine according to the Cayman Chemical Assay kit’s instruction (Cayman Chemical Company,
Ann Arbor, MI).

2.6. Statistical Analysis

We presented data in the form of means + standard deviations (SD). Independent samples t-test was used to evaluate
the statistical significance of differences between control subjects and CRC patients before and after the treatment.
The statistical analysis was evaluated and strengthened using Pearson’s correlation coefficients.

2.7. Ethics of research

Informed written consent has been obtained from each participant before recruitment. This research was supported
by the General Directorate for Scientific Research and Technological Development (DGRSDT) in Algeria, as a part
of a CNEPRU (PRUF) project carrying the code: 102020090081.

3. Results

3.1. Population characteristics

According to this study, the subjects were in the age range of 46-81 years. The age of cases varied from 57.62+7.81
years for controls and 59.24+9.46 years for patients. Relevant difference (p<0.001) in BMI was underlined between
the two groups. The data showed that CRC patients were more likely than controls to have no family history of
CRC. The drug regimen consisted of Xelox protocol (Capecitabine + Oxaliplatin) for non-metastatic cancer and
Xelox plus BEVA for metastatic cancer (Table 1). Cancerous patients were clinically categorized as stage I, 11, III,
and IV, grade 1, 2, and 3, and infiltrative adenocarcinoma of the Lieberkuhnian type, according to the Tumor-Node-
Metastases (TNM) classification. The planned treatment schedule was the oral drug capecitabine in combination
with oxaliplatin plus the humanized anti-VEGF (anti-vascular endothelial growth factor) antibody BEVA. Patients
had 21 days for usually 8 treatment cycles according to the following scheme: 7.5 mg/kg of BEVA and 130 mg/m?
of oxaliplatin (both intravenously) every 21 days on the 1% day. Then, they took 1000 mg/m? of capecitabine, twice
per day, for 14 days consecutively. Finally, they took 7 days off.

Several redox status parameters were examined in CRC cases before and after chemotherapeutic treatments of
different cancer stages as well as in the control group. The analysis of ROS such as erythrocyte MDA, CP, and
plasma O>", NO* and ONOO", were evaluated as biomarkers of oxidative/nitrosative stress before or after drug
administration. The investigation of the antioxidant profile was realized via the erythrocyte SOD and CAT activities
and, GSH and plasma vitamin C concentrations before and after treatment. The CRC case parameters before
treatment (BT) were compared to healthy controls and then compared to those after treatment (AT). There was a
notable difference between the redox status parameters of the control subjects and those of the patients. The results
showed that erythrocyte MDA, CP, and plasma O,™, NO°, and ONOO- were higher in CRC patients BT than in
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healthy subjects, specifically for NO* (p=0.090; p=0.292; p=0.478; p=0.0001; p=0.093). The study also revealed that
SOD and CAT activities and GSH concentrations were markedly lower (p=0.0001) in patients BT when compared
with controls (Table 2). The profile of ROS and antioxidants differs in patients AT. A significant decrease in
erythrocyte MDA, CP and plasma O, levels were observed in CRC patients AT (p=0.003; p=0.024; p=0.003)
compared to those BT. Though, plasma NO* and ONOO" were markedly higher (p=0.001; p=0.002) in CRC cases
AT than in CRC subjects BT. The antioxidant profile showed that AT, the SOD and CAT activities increased
markedly (p=0.05; p=0.0001). Moreover, GHS concentration raised significantly (p=0.0001) compared to the state
of patients BT.

Table 1. Characteristics of control and CRC subjects. Values are means + SD or number
(percentage), BMI: body mass index (weight/height?).

Variables Control subjects Colorectal cancer patients
(n=50) (CRC) (n=41)
Age (year) Means + SD 57.62+7.81 59.24+9.46
Age groups <50 7 (14%) 8 (19.5%)
50-59 25 (48%) 17 (41.5%)
60-69 15 (30%) 10 (24.4%)
70-79 3 (6%) 5 (12.2%)
>80 1(2%) 1 (2.4%)
Body mass | Means + SD 23.33+1.43 23.54+5.42""
index BMI groups <249 46 (90%) 25 (61%)
(Kg/m?) 25-29.9 5 (10%) 10 (24.4%)
> 30 - 6 (14.6%)
Family history of CRC (%) 1** degree of relationship 0% 0%
2" degree of relationship | 0% 0%
Drug Regimen - Xelox protocol (only)
Xelox + Bevacizumab

The significance of the differences between two groups was determined by paired samples t-test,
*p< 0.05, **p< 0.01, ***p< 0.001

Table 2. Antioxidant / oxidant status in control and colorectal cancer (CRC) subjects.

Variables Controls CRC BT CRC AT
Malondialdehyde (umol/L) 2.32+0.60 | 3.06+0.65 1.59+0.11""
Carbonyl proteins (nmol/mg protein) | 0.318+0.16 | 0.453+0.11 0.311+0.02"
Superoxide anion (pmol/L) 8.22+0.59 | 8.38+0.21 7.68+0.17""
Nitric oxide (umol /L) 6.22+0.019 | 26.07£5.50™" | 57.46£9.69""
Peroxynitrite (umol/mL) 8.74+0.85 | 12.844.27 20+3.82"
Reduced Glutathione (mmol/ L) 4.62+0.43 | 2.92+0.96"" | 16.11+£0.57™"

Values are presented as Means =+ SD. The significance of the differences between two groups was determined by
paired samples t-test, *p< 0.05, **p< 0.01, ***p< 0.001, BT: versus Control, AT: versus BT. BT SOD: 37.81+0.07
U/gHb; p=0.0001; CAT: 29.33+4.99 U/gHb; p=0.0001; AT: SOD: 379.54+0.66 U/gHb; p=0.05; CAT:
(131.9245.83 U/gHb; p=0.0001

Individual interactions between oxidative stress markers, before and after drug administration, grade and stage of
CRC, highlighted interesting results. The chemotherapeutic treatment consisted of the cure "a" which is composed
of Xelox and the cure "b" composed of Xelox/BEVA intended for metastatic CRC cases (Stage IV, grade III). In
both sexes, MDA, CP, and O," levels dropped AT with the cure “a” and “b,” regardless of the grade and stage of
CRC. Concentrations of NO* and ONOO- revealed a significant increase AT. Antioxidant activities of SOD and
CAT, and the level of GSH, for both sexes, markedly over-expressed (p=0.05; p=0.0001; p=0.0001), nonetheless the
grades and the stages of patients.

4. Discussion

Oxidants have long been agreed to play a crucial role in carcinogenesis. They are known to be involved in the
control of various signalization networks, leading to proliferation, cancer cell survival, and malignant tumors (16,
20, 21). In this study, more than 90% of the people diagnosed with the disease are older than 50 years. Due to no
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family history in the present study, the CRC of patients is mostly because of environmental factors acting through
different mechanisms. CRC patients were clinically categorized as infiltrative adenocarcinoma of the Lieberkuhnian
type. Concerning case and control comparisons, considerable and non-considerable changes were observed. An
increased level of MDA was observed in CRC patients BT compared to healthy subjects. Numerous studies
confirmed that an increased MDA concentration has been widely reported in various cancers. Its effect on DNA and
proteins has often been assigned to as decisively mutagenic (22). After treatment, the MDA levels showed a
significant decrease compared to CRC cases BT, which means that Xelox/ BEVA combination reduced the MDA
level to minimize its harmful effects. A highly significant difference is shown between CRC cases BT and AT in
MDA concentration, for both sexes. At last, there were significant positive correlations between this radical AT and
BMI (p=0.012; r=+0.909), and stage of cancer (p=0.016; r= +0.894). Further studies revealed that oxidized proteins
have been associated with the risk of carcinogenesis and the risk of developing adenopolyps type of CRC increases
with increasing the levels of oxidatively modified proteins (23). A large number of proteins have been identified as
redox sensitive proteins, most of which are involved in the initiation, progress and prognosis of CRC (24). The
results showed an increased concentration of CP in CRC cases BT than in controls. This level becomes significantly
lower in patients AT where a distinct difference was observed in CP concentration compared to CRC cases BT.
Xelox / BEVA regimen showed a positive impact in counteracting CP regardless of stage and grade of CRC
patients, reducing their harmful effects on tissues.

Superoxide anion (O:") in CRC cases underlined high concentrations compared to controls. On contrary, a
significant decrease is detected in patients AT. The high level of O,™ in cancer cases BT reflects an obvious redox
imbalance. Note that, the adhesion of tumor cells in the microvasculature is supported by this radical via endothelial
apoptosis which in turn induces the adhesion of various indispensable molecules for the tumor cells (25). A high
level of SOD in patients AT is reflected in the lowering of O," concentration. A marked difference in O™
concentration between the CRC cases BT and those AT is underlined for both sexes. The used treatment revealed a
concrete impact in neutralizing O,™, regardless of the stage and grade of CRC, thereby lessening their harmful
effects on tissues. Likewise, data highlighted a significant increase in plasma NO® levels in the controls compared to
CRC cases BT and after taking chemotherapy. Presumably, to inhibit the DNA synthesis, alter RNA processing and
induce DNA damage, the Xelox/BEVA drug-activated anti-cancer response can be based on ROS elevation (26).
Many studies showed that physiological and intermediate concentrations of NO are pro-carcinogenic, whereas
supraphysiological concentrations are anti-carcinogenic (27, 28). According to Burke et al. (14), the effects of NO*
depend closely on its concentration in cancer patients. In other words, low levels of NO* (<100 nM) promote
increased proliferation and angiogenesis, medium levels of NO* (100-500 nM) promote increased invasiveness,
metastasis, cytoprotection and repress apoptosis, and high levels of NO* (>500nM) promote DNA damage,
oxidative, nitrosative stress, cytotoxicity and apoptosis. Our results showed an evident oxidative/nitrosative stress
between healthy subjects and CRC patients, which increased in patients AT. This high level of NO* will trigger
cytotoxicity and apoptosis of tumor cells with Xelox medication. The radical NO® and its derivative peroxynitrite
(ONOO-) are induced via inflammation-associated carcinogenesis mechanisms, including the impaired induction of
DNA, suppression of DNA repair enzymes, posttranslational modification of proteins, cell proliferation,
angiogenesis, metastasis, inhibition of apoptosis, and antitumor immunity (29). There are numerous mechanisms of
NO* stimulating cell proliferation, including increased mitogen-activated protein kinase pathway. A multitude of
studies emphasizes that NO® alone can induce cell death, and can be combined with several clinical anticancer drugs
to enhance/sensitize their activity against a variety of human malignancies (30). A significant dissimilarity is
demonstrated in plasma NO® concentration between the CRC cases BT and those AT, for both sexes. Therefore,
Xelox/BEVA have an undeniable effect on the efficiency of tumor cell death by upgrading the treatment
effectiveness which depends on NO® level. However, Pearson’s correlation revealed NO® level BT was highly
correlated to NO* AT (p=0.001; r= +0.992), and NO" concentration AT is positively correlated to anti-cancer
treatment (p=0.001; r= +0.991) and BMI (p=0.001; r= +0.894). Peroxynitrite profile showed an increased
concentration in CRC cases BT than in controls. This level significantly increased in cancer cases AT. According to
the literature, ONOO", a potent cytotoxic oxidant, promotes cellular transformation and interacts with oxidizing
kinases and transcription factors, perturbing the cellular signaling network (29). Likewise, ONOO- can form 8-
nitroguanine, a biomarker of inflammation-associated cancers that can damage DNA. It can set off oxidizing thiols,
nitrate tyrosine residues, degrade carbohydrates, and initiate lipid peroxidation (14). A relevant difference appears in
ONOO- concentration in CRC cases BT compared to CRC cases AT in both sexes and all stages and grades. The
treatment with Xelox/BEVA takes the advantage of the presence of ROS to instigate and strengthen its antitumor
activity. Moreover, Pearson’s correlation revealed that ONOO- concentration BT is positively correlated to ONOO-
level AT (p=0.047; r= +0.883). These findings were consistent with the literature results concerning ONOO-and
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ROS cytotoxic functions (26). Subsequently, the present study revealed that glutathione (GSH) concentrations in
CRC patients BT were significantly lower than in controls. After the administration of Xelox/BEVA, GSH levels
increased markedly in patients. This post-treatment increase was because drugs are conjugated with GSH through
activation by glutathione-S-transferases. The consequent conjugates are simply the substrates of gammaglutamyl
transferases, which launch and accelerate toxic removal (31). Therefore, GSH may be used as a predictor of the
treatment response of patients with CRC. A pertinent difference in GSH concentration between the CRC BT, in both
sexes, and CRC AT is expressed. Interestingly, GSH levels are higher in controls than in CRC patients BT;
however, it increased in the CRC patient AT. The use of the Xelox/BEVA revealed nonresponsive to therapeutic
drugs due to the increased level of GSH in patients AT. As underlined in other studies, GSH levels increased in
patients, who were nonresponsive to therapeutic intervention (32). A high level of GSH can boost the rate of
conjugation and detoxification of chemotherapeutic drugs, thereby lowering their efficiency. Its increase is a major
contributing factor to drug resistance by binding to or reacting with them (33).

The SOD activity decreased in CRC cases BT compared to healthy controls, indicating that the consumption of the
latter neutralizes ROS in cancer cases. Then, its activity in CRC patients continues to increase, which is because of
the abundance of free radicals in the surrounding environment due to the impact of the used treatment. However, the
significant difference in SOD activity between the CRC for both sexes BT and that in the same cases AT is highly
expressed. The use of the protocol Xelox/BEVA reveals to have a pertinent effect on heightening of antioxidant
profile via the elevation of the SOD activity. In parallel, CAT activity significantly decreased in CRC patients BT
compared to controls. In addition, it was shown that during CRC development, the activity of CAT decreased (8).
After taking Xelox/BEVA treatment, CAT activity considerably amplified, reflecting unbiased effects of anticancer
medication. Indeed, low CAT activity BT was accompanied by an increased risk of CRC. Subjects with increasing
CAT activity had reduced risk (34). These results are consistent with those reported in erythrocyte CAT activity BT
in breast cancer (35). However, a highly significant difference is shown in CAT activity between the CRC BT and
AT in both sexes. Its activity also increased AT. This increase that hinders the effect of free radicals AT may
indicate a nonresponsive effect to anti-cancer treatment. Pearson’s correlation revealed that CAT activity BT is
negatively correlated to CAT activity AT (p=0.002; r = -0.961). The use of Xelox regimen alone or in combination
with BEVA proves to be counteracted by the increase of antioxidant CAT activity. The oxidant/antioxidant balance,
behaving like a double-edged sword in the chemotherapeutic treatment of cancerous pathologies, represents a topical
concern that focuses on the concept aiming at better understanding and clarifying tumor cell metabolism, including
chemo-resistance to anticancer treatments. In addition to patients' consent, the enrolment of participants was not an
easy task. The consumable/instrumentation resources available at the research laboratory remain limited (cell
culture, flow cytometry, etc.).

5. Conclusions

Oxidative stress is closely linked to CRC chemotherapy treatment. Cancer cases AT showed decreased levels of
MDA, CP and O™ reflecting treatment effect. As well as, NO* and ONOO- concentrations rose to amplify the
killing off Xelox regimen/BEVA leading to cancer cell death. Furthermore, the antioxidant profile of GSH, SOD,
and CAT was increased after an early relapse in cancer patients, reflecting an adaptive response AT to anticancer
drugs limiting their effectiveness and inducing cell resistance to cytolysis by hydrogen peroxide. Depending on
these results, redox homeostasis should be an efficient guideline for directing or predicting response to
chemotherapy, particularly to prevent the risk of resistance to anti-tumor drugs. Oxidant/antioxidant balance should
be used in medical check-up to improve and refine the prognosis and therefore the treatment in favor of better
medical management of cancer patients. The redox status is linked to lifestyle and the nutritional profile, which is
related to the physiology of the patients (digestive system, hepatic assessment, and detoxification, etc.) and physical
activity or event. Therefore, the sedentary lifestyle should be investigated together with the disease to achieve a
better interpretation of the impact of biochemical parameters, related to the patient redox status, on the undertaken
anticancer treatment.
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