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Abstract
Aim: Breast cancer (BC), a disease in which abnormal breast cells grow out of control and form tumors, is a 
prevalent life-threatening disease worldwide. Oxidative stress has been implicated in the development and 
progression of various cancers, including BC. Assessing lipid peroxidation and overall antioxidant status in 
BC offers valuable information on disease progression, patient prognosis, and the effectiveness of 
therapeutic options.
Methods: A total of 150 women were categorized into three groups: normal, benign mass, and BC. 
Participants were selected and evaluated at the cancer clinic; fasting blood samples were collected, and 
total antioxidant capacity (TAC), oxidized low-density lipoprotein (Ox-LDL), cancer antigen (CA) 15-3, and 
carcinoembryonic antigen (CEA) were measured. Subsequently, statistical analysis was performed to 
compare the levels of these parameters in different groups and examine the analytical performance of TAC 
and Ox-LDL in BC.
Results: In patients with malignancy, the serum level of TAC was significantly decreased compared with 
the benign group (8.3 U/mL and 16.04 U/mL, respectively) (P < 0.001). Healthy controls exhibited higher 
levels of TAC (43.4 U/mL). The levels of Ox-LDL in BC were significantly increased in both malignant and 
benign groups (3,831 pg/mL and 1,234 pg/mL, respectively) compared with normal controls (682 pg/mL) 
(P < 0.001). CEA and CA15-3 were drastically increased in the BC groups compared with the control group. 
A significant area under the curve was observed in the receiver operating characteristic (ROC) curve 
analysis for TAC (0.975, P < 0.001) and Ox-LDL (0.986, P < 0.001).
Conclusions: This study revealed that patients with BC had lower TAC and higher Ox-LDL serum levels, 
indicating elevated oxidative stress. These levels may serve as promising monitoring parameters in BC.
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Introduction
Breast cancer (BC) is a widespread and potentially fatal illness that affects millions of women globally [1]. 
Studies exploring the mechanisms underlying BC progression and treatment are crucial for developing 
effective therapies. One area of interest in BC research is evaluating the patients’ lipid peroxidation levels 
and total antioxidant status. Lipid peroxidation is a process that involves the oxidative modification of 
lipids, especially low-density lipoproteins (LDLs), caused by reactive oxygen species (ROS). This process 
can damage cells and tissues, leading to serious pathologies [2]. On the contrary, dietary antioxidants 
and/or antioxidant defense systems in the body play a vital role in protecting cells from oxidative stress [3, 
4]. Understanding the balance between lipid peroxidation and antioxidant status in patients with BC might 
yield significant knowledge regarding disease progression, possible therapeutic approaches, and 
management options to enhance patient outcomes.

An assessment of lipid peroxidation and overall antioxidant status in patients diagnosed with BC has 
garnered considerable attention in the medical community as researchers strive to comprehend the 
underlying mechanisms of this disease in a better way. Kangari et al. [5] identified that patients with BC had 
markedly elevated levels of malondialdehyde (MDA) in the plasma, a marker for lipid peroxidation, in 
comparison with healthy individuals. The researchers concluded that this increase in plasma MDA levels is 
an important risk factor for BC and that the condition of oxidative stress was associated with the 
development and progression of BC. Didžiapetrienė et al. [6] investigated the oxidative stress biomarkers in 
patients with BC in preoperative and postoperative periods and reported the significance of these 
biomarkers in evaluating oxidative stress in patients with BC. Moreover, Delimaris et al. [7] observed the 
possible involvement of oxidized LDL (Ox-LDL) in the process of malignancy in 32 patients diagnosed with 
breast or ovarian cancer.

In addition to lipid peroxidation, a considerable body of research has explored the total antioxidant 
status in patients with BC. A study by Khalaf et al. [8] (2021) demonstrated that patients with BC had lower 
levels of antioxidants such as glutathione and ceruloplasmin compared with healthy individuals. 
Pathophysiological processes such as diabetes, degenerative diseases, atherosclerosis, and carcinogenesis 
have been linked to oxidative stress. It refers to an imbalance between the generation of oxidants and the 
antioxidant defense mechanisms [9–11]. Lipid peroxidation, a key consequence of oxidative stress, leads to 
the formation of reactive aldehydes and the oxidation of native LDLs, which can damage cellular structures 
and promote tumorigenesis. The imbalance between ROS production and antioxidant defense mechanisms 
may contribute to increased oxidative stress in patients with BC.

Evaluating lipid peroxidation and total antioxidant status in patients with BC holds immense clinical 
significance as it provides valuable insights into disease progression, patient prognosis, and treatment 
outcomes. Monitoring these biomarkers can aid healthcare providers in tailoring personalized therapeutic 
strategies to reduce oxidative stress, enhance antioxidant capacity, and improve patient outcomes. 
Additionally, targeting lipid peroxidation pathways or boosting antioxidant defenses may represent novel 
therapeutic approaches to manage BC and mitigate treatment-related side effects.

This study primarily aimed to analyze the levels of circulating biomarkers associated with oxidative 
stress comparatively. Specifically, it focused on assessing total antioxidant capacity (TAC) and Ox-LDL 
levels in patients diagnosed with BC and healthy controls. The intention was to determine the potential 
value of the quantitative analysis of these biomarkers and circulating markers, i.e., carcinoembryonic 
antigen (CEA) and cancer antigen (CA) 15-3, in diagnosing BC. Exploring the effect of lipid peroxidation and 
total antioxidant status on the advancement of BC provides opportunities for precision medicine and 
tailored treatment approaches.

Materials and methods
Participants

This study included 50 women diagnosed with benign breast mass (a mean age of 33.9 ± 1.9 years) and an 
equal number of women diagnosed with BC, mainly in the postmenopausal age group and not undergoing 
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anticancer treatment (a mean age of 50.6 ± 1.5 years). This research involved selecting and examining 
patients at the cancer clinic of King Abdallah Medical City in Makkah, Saudi Arabia. The control group 
comprised 50 women volunteers (a mean age of 40.7 ± 0.93 years). All groups were matched in terms of 
age, weight, and menopausal status. Fasting blood samples were collected. The serum was separated by 
centrifuging the clotted samples at 3,500–4,000 rpm and stored at −20°C until analysis.

Ethical approval

This study complied with the ethical standards specified in the 1975 Declaration of Helsinki, and clearance 
was obtained from the medical ethics committee of the College of Medicine at Umm Al-Qura University in 
Makkah, Kingdom of Saudi Arabia (Approval Number: HAPO-02-K012-2022-09-1183). Each participating 
patient and control provided written informed consent.

Characteristics of the study groups

All participants underwent a clinical examination and completed a questionnaire that included aspects of 
their medical and family history. Individuals with positive neoadjuvant chemotherapy or a history of 
malignancy, radiotherapy, or/and chemotherapy were excluded. Blood samples were obtained before any 
surgical intervention.

The medical records of the participants involved in the study were examined to gather information 
from cytopathology reports, which contained details about the stage of the tumor, its features, and the 
status of ER and PR. Information regarding demographic features, including reproductive factors (such as 
age at menarche, age at menopause, age at first full-term pregnancy, number of full-term pregnancies, and 
prior use of external hormones such as hormone replacement therapy and oral contraceptives), medical 
history, and tobacco use, was collected via a thorough medical history and clinical examination. Data 
regarding cancer occurrence, including BC and other types, were collected from immediate (parents and 
siblings) and extended family members (grandparents, uncles, and aunts). BC was pathologically staged 
according to the TNM classification [12].

Determination of serum levels of TAC

The serum levels of TAC were measured using a competitive inhibition enzyme immunoassay kit 
[MBS9304157, My BioSource, Sunny Southern California, San Diego (USA)] as per the given test protocol 
(https://www.mybiosource.com/).

Determination of serum levels Ox-LDL

The serum levels of Ox-LDL were quantified using a competitive inhibition enzyme immunoassay kit 
(SEA527Hu 96 Testes, Cloud-Clone Corp, Houston, USA) according to a predetermined assay protocol 
(http://www.Cloud.Clone.US).

Determination of serum levels of CA15-3

The serum levels of CA15-3 were measured using an ELISA kit provided by My BioSource, Inc., located in 
San Diego, USA. The CA15-3 ELISA test is a modified version of the solid-phase sequential sandwich ELISA. 
Biotinylated monoclonal antibodies and samples are introduced into wells coated with streptavidin. The 
CA15-3 in the patient sample forms a complex with the capture antibody modified with biotin. 
Simultaneously, the biotinylated antibody binds to the streptavidin-coated plate. Following the wash stage, 
the anti-CA15-3-horseradish peroxidase (HRP) enzyme conjugate is introduced and binds to the trapped 
CA15-3, creating a sandwich structure. The unbound antibodies are rinsed away. Upon adding the TMB 
substrate, a blue color is produced. The level of CA15-3 is directly correlated with the intensity of the color. 
A standard curve is plotted to establish the relationship between the intensity of the color and the level of 
CA15-3.

https://www.mybiosource.com/
https://www.mybiosource.com/
https://www.mybiosource.com/
https://www.mybiosource.com/
http://www.cloud.clone.us/
http://www.cloud.clone.us/
http://www.cloud.clone.us/
http://www.cloud.clone.us/
http://www.cloud.clone.us/
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Determination of serum levels of CEA

The serum level of CEA was quantified using an ELISA kit manufactured by Cloud-clone Corp. and 
assembled by US Co Life Science Inc. USA. A sandwich enzyme immunoassay kit is presented here. A 
precoated antibody specifically targeting the CEA has been applied to the microtiter plate included in this 
kit. In the next step, standards or samples are added to the appropriate wells of a microtiter plate together 
with a biotin-conjugated antibody that selectively binds to the CEA. Furthermore, the avidin-HRP conjugate 
is added to each microplate well and incubated. Upon introducing the TMB substrate solution, only the 
wells containing CEA, biotin-conjugated antibody, and enzyme-conjugated avidin would exhibit a noticeable 
color change. The enzyme-substrate interaction is stopped by adding sulfuric acid, and the subsequent 
color change is measured quantitatively using a spectrophotometer at 450 ± 10 nm. The CEA levels in the 
sample are measured by comparing the optical density of the samples with the standard curve. The 
measured value varied between 19.6 ng/mL and 1,250 ng/mL.

Statistical analysis

The data were analyzed using the SPSS (version 20, Sydney, NSW, Australia) software. Quantitative data 
were reported as the mean values ± standard error (SE), whereas qualitative data were presented as 
frequencies and percentages. Statistical analysis was performed using an independent sample t-test for 
parametric variables to compare between two groups. One-way analysis of variance with post-hoc multiple 
comparisons test was used to evaluate the mean difference among the malignant, benign, and healthy 
control groups. Pearson’s correlation coefficient and linear regression analysis were performed to analyze 
the correlation between oxidative stress parameters (TAC and Ox-LDL) and tumor markers (CEA and CA15-
3). The Kolmogorov-Smirnov test and normal plot were used to determine the normality of the data. To 
assess the diagnostic accuracy of the serum TAC, Ox-LDL, and CA15-3 levels, the receiver operating 
characteristic (ROC) curve analysis was performed on the dataset. The measurement accuracy was 
determined by calculating the area under the ROC curve, commonly referred to as AUC. A test with an area 
of 1 is considered ideal, whereas a test with an area of 0.5 is considered completely ineffective. The 
accuracy of a diagnostic test may be classified using a standard academic point system. An accuracy score of 
0.9–1 is considered outstanding (A), 0.8–0.9 is acceptable (B), 0.7–0.8 is fair (C), 0.6–0.7 is bad (D), and 
0.5–0.6 is failed (F). For each statistical analysis, P-values < 0.05 were deemed significant.

Results
Characteristics of the study groups

Pretreatment blood samples were acquired from patients with BC diagnosed with the disease. The 
diagnosis was verified using histological and clinical data and medical records. Table 1 summarizes the 
clinical features and demographic data of patients with BC and those with benign conditions. Patients with 
BC and benign conditions were matched in terms of age with the control group. In a sample of 50 patients 
with BC, 6 (12%) patients were classified as grade I, 31 (62%) as grade II, 11 (22%) as grade III, and 2 (4%) 
as grade IV (Table 1). Immunohistochemical data showed that 70% of the samples were estrogen-receptor-
positive (ER+), 56% were progesterone-receptor-positive (PR+), and 28% were human epidermal growth 
factor receptor 2 positive (Her2+) (Table 1). Of the 50 patients with BC, 48 (96%) presented with a mass, 
whereas 2 (4%) did not have a mass. In addition, 2 (4%) experienced discharge, which included blood, 
whereas 48 (96%) did not have any discharge. Among a group of 50 patients with benign breast masses, 39 
were identified as having fibroadenoma. In contrast, the remaining 11 patients were diagnosed with 
various other forms of benign breast conditions, such as granulomatous mastitis, papilloma, fibroglandular 
tissue, and ductal ectasia (Table 1). Histopathological examinations of 50 patients with BC revealed that 47 
(94%) had invasive ductal carcinoma, whereas 3 (6%) had lobular carcinoma. Of the patients with BC, 37 
(74%) had lymph node involvement, whereas 13 (26%) did not have lymph node involvement. Moreover, 
21 (42%) had cancer metastasis, whereas 29 (58%) did not exhibit metastasis, as indicated in Table 1.
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Table 1. The clinical and characteristic features of the studied groups

Malignant (N = 50) Benign (N = 50) Control (N = 50)Characteristic features/clinicopathological 
parameters

No (%) Mean ± 
SE

No (%) Mean ± 
SE

No (%) Mean ± SE

P value

Age
< 40 8 16% 33 66% 21 42%
40–60 34 68% 15 30% 29 58%
> 60 8 16%

50.6 ± 
1.5

2 4%

33.9 ± 
1.9

0 0

40.8 ± 
0.93

0.076

Menstrual phase (in present)
Premenopausal 29 58% 48 96% 33 66%
Postmenopausal 21 42% 2 4% 17 34%
Marital status
Married 34 68% 29 58% 32 64%
Single 10 20% 20 40% 17 34%
Divorced 3 6% 1 2% 1 2%
Widowed 3 6% 0 0 0 0%
Lactation history
Lactating 34 68% 27 54% 24 48%
Non-lactating 16 32% 23 46% 26 52%
Family history of BC
Yes 7 14% 6 12% 5 10%
No 43 86% 44 88% 45 90%
Benign types
Fibro adenoma 39 78%
Others 11 22%
Side of complained
Right breast 22 44% 27 54%
Left breast 28 56% 17 34%
Both sides 0 0 6 12%
Cancer types
Invasive ductal carcinoma 47 94%
Lobular carcinoma 3 6%
Cancer metastasis
Yes 21 42%
No 29 58%
LN involvement
Yes 37 74%
No 13 26%
Grade
Grade I 6 12%
Grade II 31 62%
Grade III 11 22%
Grade IV 2 4%
Mass
Yes 48 96% 41 82%
No 2 4% 9 18%
Discharge
Yes 2 4% 4 8%
No 48 96% 46 92%
Immunohistochemistry (IHC)
Estrogen receptors (ER) 35 70%
Progesterone receptors (PR) 28 56%
Human epidermal growth factor receptor-2 (Her2) 14 28%
BC: breast cancer; SE: standard error
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Serum levels of TAC, Ox-LDL, CA15-3, and CEA

The serum level of TAC was highly and significantly decreased in patients with BC and benign lesions, with 
mean values of 8.3 U/mL and 16.04 U/mL, respectively, as shown in Figure 1, in comparison with normal 
controls (43.4 U/mL) (P < 0.001).

Figure 1. Comparison of serum levels of TAC, Ox-LDL, CA15-3, and CEA among the benign, BC, and control groups. *** 
P < 0.001. TAC: total antioxidant capacity; Ox-LDL: oxidized low-density lipoprotein; CA: cancer antigen; CEA: 
carcinoembryonic antigen; BC: breast cancer

Moreover, the serum level of Ox-LDL was highly and significantly increased in patients with BC 
compared with the benign disease group, with mean values of 3,831 pg/mL and 1,234 pg/mL (P < 0.001), 
respectively (Figure 1). Furthermore, patients with BC displayed significantly higher means of Ox-LDL in 
comparison with normal healthy controls (682 pg/mL) (P < 0.001).

Also, the BC group demonstrated a significant increase in the mean values of the other two parameters, 
i.e., CEA and CA15-3, compared with the control group. The mean CEA levels were found to be 472.56, 
328.42, and 314.55 ng/dL in the BC, benign, and control groups, respectively (P < 0.001). In contrast, the 
means of CA15-3 were 57.28, 15.16, and 14.35 U/mL in the BC, benign, and control groups, respectively, 
with a significant difference (P < 0.001), as shown in Figure 1.

Correlations of TAC, Ox-LDL, and CA15-3

The studied marker TAC showed a weak negative correlation with CA15-3 (r = −0.255, P < 0.01). A 
significant positive correlation between Ox-LDL and CA15-3 was observed (r = 0.441, P < 0.001), as shown 
in Figure 2.

Association between predictive immunohistochemistry and TAC and Ox-LDL

Figure 3 displays the variations in TAC, Ox-LDL, CA15-3, and CEA levels among patients with BC who had 
specific histopathological characteristics.

Diagnostic performance of serum TAC and Ox-LDL for BC

The ROC curve was examined to assess the ability of the serum levels of TAC to discriminate between 
samples with and without BC. Figure 4 depicts the AUC. The data analysis of the ROC curve revealed a 
significant AUC with a value of 0.975 and a statistically significant P-value of < 0.001. The sensitivity and 
specificity were determined to be 100% and 86.4%, respectively, using a cutoff value of TAC equal to 18.9 
U/mL (Table 2).
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Figure 2. Correlation between the serum levels of TAC, Ox-LDL, and CA15-3. (A) TAC and CA15-3; and (B) Ox-LDL and 
CA15-3. CA: cancer antigen; TAC: total antioxidant capacity; Ox-LDL: oxidized low-density lipoprotein

Figure 3. The serum levels of TAC, Ox-LDL, CA15-3, and CEA in patients with BC who had distinct histopathological 
observations. These observations included (A) positive estrogen receptors (ER); (B) positive progesterone receptors (PR); and 
(C) positive human epidermal growth factor receptor-2 (Her2/neu). TAC: total antioxidant capacity; Ox-LDL: oxidized low-density 
lipoprotein; CA: cancer antigen; CEA: carcinoembryonic antigen; BC: breast cancer

In addition, the ROC curve analysis was performed to evaluate the discriminatory ability of the Ox-LDL 
test in distinguishing between samples with and without BC. Figure 4 displays the AUC.

The data analysis of the ROC curve revealed a significant AUC with a value of 0.986, indicating 
statistical significance (P < 0.001). In Table 2, the sensitivity and specificity were determined to be 97.9% 
and 100%, respectively, using a cutoff value of 998 pg/mL for Ox-LDL.
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Figure 4. Analysis of ROC curves and interactive dot diagrams of parameters investigated in patients with BC. Sens 
represents sensitivity, spec denotes specificity, and blue lines signify the designated cutoff value for each parameter; BC: breast 
cancer; ROC: receiver operating characteristic

Table 2. Diagnostic data of serum levels of TAC, Ox-LDL, and CA15-3 using ROC curve

Variable AUC SE 95% CI Sensitivity Specificity Cutoff value

TAC 0.975 0.0247 0.870 to 0.997 100 86.4 18.9
Ox-LDL 0.986 0.0225 0.887 to 0.999 97.9 100 998
CA15-3 0.913 0.0518 0.736 to 0.947 69.7 96.4 22.1
SE: standard error; TAC: total antioxidant capacity; Ox-LDL: oxidized low-density lipoprotein; CA: cancer antigen; ROC: receiver 
operating characteristic

Discussion
Cancer is one of the leading causes of mortality globally, with BC being the predominant malignancy in 
women, representing 30% of all cancers diagnosed in women annually [13]. Biomarkers that provide 
information on disease progression are used as diagnostic tools and attract considerable attention. A 
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limited number of markers are employed to enhance our comprehension of the role of oxidative stress in 
cancer pathophysiometry [14]. This study assessed the levels of biomarkers associated with oxidative 
stress in patients with BC and healthy individuals. Specifically, it focused on TAC and Ox-LDL and the 
potential diagnostic value of CEA and CA15-3 in BC. In previous studies, lipid peroxidation and TAC have 
shown an intricate association in patients with BC. Investigations have revealed that lipid peroxidation is 
substantially elevated in patients with BC, suggesting increased oxidative stress [15, 16]. Furthermore, the 
oxidative/antioxidant profile in patients with BC has been reported to be influenced by various prognostic 
factors, such as cancer stage, tumor size, and molecular markers. This finding highlights the dynamic 
interplay between oxidative stress and antioxidant capacity in BC progression [14].

Our study’s findings confirm prior research indicating that excessive ROS production or insufficient 
elimination might contribute to cancer progression. The results of TAC and Ox-LDL levels support this 
finding [6, 14].

Ox-LDL levels were increased, and TAC levels were decreased in patients with BC compared to those in 
the control group. Moreover, the highest levels of Ox-LDL were observed in patients with malignancy, as 
shown in Figure 1. These findings of decreased antioxidant defense, as inferred from low levels of TAC in 
patients with malignancy, suggest that oxidative stress is strongly correlated with disease development. 
These outcomes agree with those from previous studies, implying that disturbance in the antioxidant 
defense and oxidative stress promote DNA damage in cancers and may be linked to benign and malignant 
tumors [17, 18].

Tests based on multiple markers can considerably enhance the ability to detect heterogeneous tumor 
cells compared with single marker assays [19]. While other serum-based tumor markers have been 
identified for BC, the most commonly used are CA15-3 and CEA [20]. BC is the only factor that can lead to 
elevated levels of CA15-3. Combining the preoperative level of CA15-3 with current prognostic markers can 
help predict outcomes in patients who have just been diagnosed with BC. A study has proposed improving 
tumor cell identification sensitivity by evaluating numerous tumor indicators in a single blood sample [21].

The TAC values, as indicated by our data (with a sensitivity of 100% and a specificity of 86.4%) and 
depicted in Figure 4, have the potential to serve as a marker for distinguishing between patients with BC 
and healthy individuals. This value can potentially serve as a screening signal for the early detection of BC. 
Additionally, if the treatment goal is to address oxidative stress, it might be utilized as an indicator of illness 
to monitor and assess the effectiveness of the therapy. Prior research has observed that antioxidant 
defenses can be enhanced by physiological signals, dietary components, or possibly pharmacological 
intervention [9, 14]. In our study, the diagnostic value of Ox-LDL exhibited considerably good performance, 
especially in excluding negative cases of BC, as reflected by its high specificity of 100% sensitivity of 97.9%, 
and AUC of 0.986.

Patients with BC with negative estrogen receptors (ER) and progesterone receptors (PR) had 
considerably elevated levels of TAC, whereas those with BC with negative Her2/neu showed significantly 
higher levels of CA15-3. Figure 3 demonstrates the absence of significant differences in the values of these 
parameters between patients with BC who tested positive for ER and PR. Multiple studies have established 
a correlation between BC triggered by estrogen and the presence of oxidative stress [22]. Furthermore, 
oxidative DNA damage has been reported to be highly correlated with the presence of ER and is higher in 
BC issues than in normal breast tissues [23, 24]. These findings suggest that oxidative stress might be 
related to ER expression and that further investigations are needed to explore this relationship.

A significant negative correlation was noted between TAC and the biomarkers under investigation, i.e., 
CA15-3 and CEA, which supports the proposed relationship with BC (Figure 2A). Furthermore, Ox-LDL 
levels were significantly and positively correlated with the two investigated biomarkers, as illustrated in 
Figure 2B. This observation signifies that the pattern of Ox-LDL level increases with both known 
biomarkers in an almost comparable manner in malignant, benign, and normal samples. Our findings could 
potentially endorse the diagnostic utility of TAC and Ox-LDL in BC. To the best of our knowledge, previous 
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studies evaluating the state of oxidative stress in patients with BC have focused on one or a few 
oxidants/antioxidant indicators. The use of these biomarkers in clinical settings is still not well-established 
[25, 26]. Although these results show a correlation between the investigated biomarkers and the onset and 
development of BC, they are insufficient to indicate the patients’ actual oxidative stress state or to identify 
an appropriate panel of diagnostic or prognostic biomarkers for BC. Using Ox-LDL, TAC, and oxidative 
stress in managing BC holds immense potential as an approach that can be further developed to enhance 
patient outcomes and improve overall management. However, these biomarkers should be interpreted 
cautiously and based on proper assessments of analytical and clinical validations. The reason is that they 
are highly correlated to many other pathologic scenarios, such as hyperglycemia [2], cancers [14, 17], aging 
[27], and cardiovascular events [28]. Based on the solid foundations of these established relationships and 
the relatively small sample size in this study, further research is required to validate the application of 
these biomarkers in clinical settings.

Conclusion

This study observed that patients with BC exhibited lower TAC levels and higher Ox-LDL levels in the 
serum, indicating elevated oxidative stress compared with the control group. This finding suggests a 
potential association between increased oxidative stress and BC. Based on our observations, TAC and Ox-
LDL levels could be additional parameters for monitoring cancer prevention, diagnosis, and treatment. 
However, the exact mechanism behind the elevated oxidative stress, whether it stems from increased ROS 
production or reduced antioxidant defenses, is yet to be elucidated. Therefore, further studies on oxidative 
stress and antioxidant therapy in BC are recommended.

Abbreviations
BC: breast cancer

CA: cancer antigen

CEA: carcinoembryonic antigen

ER: estrogen receptors

Her2: human epidermal growth factor receptor-2

LDLs: low-density lipoproteins

Ox-LDL: oxidized low-density lipoprotein

PR: progesterone receptors

ROC: receiver operating characteristic

ROS: reactive oxygen species

SE: standard error

TAC: total antioxidant capacity

Declarations
Acknowledgments

The authors express their gratitude to the staff at the oncology unit of King Abdallah Medical City in Makkah 
for their assistance in conducting the research by examining the patients and collecting data.

Author contributions

ATB: Conceptualization, Investigation, Data curation, Writing—original draft, Writing—review & editing. 
MMNE: Conceptualization, Investigation, Data curation, Writing—original draft, Writing—review & editing. 
Both authors read and approved the final manuscript.



Explor Target Antitumor Ther. 2025;6:1002284 | https://doi.org/10.37349/etat.2025.1002284 Page 11

Conflicts of interest

All authors declare no conflicts of interest.

Ethical approval

This study complied with the ethical standards specified in the 1975 Declaration of Helsinki, and clearance 
was obtained from the medical ethics committee of the College of Medicine at Umm Al-Qura University in 
Makkah, Kingdom of Saudi Arabia (Approval Number: HAPO-02-K012-2022-09-1183).

Consent to participate

Informed consent to participate in the study was obtained from all participants.

Consent to publication

Not applicable.

Availability of data and materials

The raw data supporting the conclusions of this manuscript will be made available by the authors, without 
undue reservation, to any qualified researcher.

Funding

Not applicable.

Copyright

© The Author(s) 2025.

Publisher’s note
Open Exploration maintains a neutral stance on jurisdictional claims in published institutional affiliations 
and maps. All opinions expressed in this article are the personal views of the author(s) and do not 
represent the stance of the editorial team or the publisher.

References
Wilkinson L, Gathani T. Understanding breast cancer as a global health concern. Br J Radiol. 2022;95:
20211033. [DOI] [PubMed] [PMC]

1.     

Nour Eldin EE, Almarzouki A, Assiri AM, Elsheikh OM, Mohamed BE, Babakr AT. Oxidized low density 
lipoprotein and total antioxidant capacity in type-2 diabetic and impaired glucose tolerance Saudi 
men. Diabetol Metab Syndr. 2014;6:94. [DOI] [PubMed] [PMC]

2.     

Demirci-Çekiç S, Özkan G, Avan AN, Uzunboy S, Çapanoğlu E, Apak R. Biomarkers of Oxidative Stress 
and Antioxidant Defense. J Pharm Biomed Anal. 2022;209:114477. [DOI] [PubMed]

3.     

Babakr AT, Althubiti M. Impact of Antioxidant-Rich Diet on Decreasing Oxidized Low-Density 
Lipoproteins, 8-Hydroxy-2’-Deoxyguanosine and Hba1c in Saudi Men. Biomed Pharmacol J. 2023;16. 
[DOI]

4.     

Kangari P, Zarnoosheh Farahany T, Golchin A, Ebadollahzadeh S, Salmaninejad A, Mahboob SA, et al. 
Enzymatic Antioxidant and Lipid Peroxidation Evaluation in the Newly Diagnosed Breast Cancer 
Patients in Iran. Asian Pac J Cancer Prev. 2018;19:3511–5. [DOI] [PubMed] [PMC]

5.     

Didžiapetrienė J, Kazbarienė B, Tikuišis R, Dulskas A, Dabkevičienė D, Lukosevičienė V, et al. Oxidant/
Antioxidant Status of Breast Cancer Patients in Pre- and Post-Operative Periods. Medicina (Kaunas). 
2020;56:70. [DOI] [PubMed] [PMC]

6.     

Delimaris I, Faviou E, Antonakos G, Stathopoulou E, Zachari A, Dionyssiou-Asteriou A. Oxidized LDL, 
serum oxidizability and serum lipid levels in patients with breast or ovarian cancer. Clin Biochem. 
2007;40:1129–34. [DOI] [PubMed]

7.     

https://dx.doi.org/10.1259/bjr.20211033
http://www.ncbi.nlm.nih.gov/pubmed/34905391
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8822551
https://dx.doi.org/10.1186/1758-5996-6-94
http://www.ncbi.nlm.nih.gov/pubmed/25221629
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4161898
https://dx.doi.org/10.1016/j.jpba.2021.114477
http://www.ncbi.nlm.nih.gov/pubmed/34920302
https://dx.doi.org/10.13005/bpj/2655
https://dx.doi.org/10.31557/APJCP.2018.19.12.3511
http://www.ncbi.nlm.nih.gov/pubmed/30583677
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6428542
https://dx.doi.org/10.3390/medicina56020070
http://www.ncbi.nlm.nih.gov/pubmed/32054000
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7073838
https://dx.doi.org/10.1016/j.clinbiochem.2007.06.007
http://www.ncbi.nlm.nih.gov/pubmed/17673194


Explor Target Antitumor Ther. 2025;6:1002284 | https://doi.org/10.37349/etat.2025.1002284 Page 12

Khalaf MY, Mohammed AA, Mosa AA, Arif SH, Mustafa JA. The correlation of antioxidant levels of 
breast cancer: A case controlled study. Medicine (Baltimore). 2021;100:e26878. [DOI] [PubMed] 
[PMC]

8.     

Forman HJ, Zhang H. Targeting oxidative stress in disease: promise and limitations of antioxidant 
therapy. Nat Rev Drug Discov. 2021;20:689–709. [DOI] [PubMed] [PMC]

9.     

Fatani SH, Babakr AT, NourEldin EM, Almarzouki AA. Lipid peroxidation is associated with poor 
control of type-2 diabetes mellitus. Diabetes Metab Syndr. 2016;10:S64–7. [DOI] [PubMed]

10.     

Babakr AT. Scavenger Receptors: Different Classes and their Role in the Uptake of Oxidized Low-
Density Lipoproteins. Biomed Pharmacol J. 2024;17:699–712.

11.     

Cserni G, Chmielik E, Cserni B, Tot T. The new TNM-based staging of breast cancer. Virchows Arch. 
2018;472:697–703. [DOI] [PubMed]

12.     

Ray G, Batra S, Shukla NK, Deo S, Raina V, Ashok S, et al. Lipid peroxidation, free radical production 
and antioxidant status in breast cancer. Breast Cancer Res Treat. 2000;59:163–70. [DOI] [PubMed]

13.     

Jelic MD, Mandic AD, Maricic SM, Srdjenovic BU. Oxidative stress and its role in cancer. J Cancer Res 
Ther. 2021;17:22–8. [DOI] [PubMed]

14.     

Delrieu L, Touillaud M, Pérol O, Morelle M, Martin A, Friedenreich CM, et al. Impact of Physical Activity 
on Oxidative Stress Markers in Patients with Metastatic Breast Cancer. Oxid Med Cell Longev. 2021;
2021:6694594. [DOI] [PubMed] [PMC]

15.     

de Oliveira ST, Bessani MP, Scandolara TB, Silva JC, Kawassaki ACB, Fagotti PAF, et al. Systemic lipid 
peroxidation profile from patients with breast cancer changes according to the lymph nodal 
metastasis status. Oncoscience. 2022;9:1–10. [DOI] [PubMed] [PMC]

16.     

Barrera G. Oxidative stress and lipid peroxidation products in cancer progression and therapy. ISRN 
Oncol. 2012;2012:137289. [DOI] [PubMed] [PMC]

17.     

Liu X, Zhao J, Zheng R. DNA damage of tumor-associated lymphocytes and total antioxidant capacity in 
cancerous patients. Mutat Res. 2003;539:1–8. [PubMed]

18.     

Zhang F, Deng Y, Drabier R. Multiple biomarker panels for early detection of breast cancer in 
peripheral blood. Biomed Res Int. 2013;2013:781618. [DOI] [PubMed] [PMC]

19.     

Hasan D. Diagnostic impact of CEA and CA 15-3 on chemotherapy monitoring of breast cancer 
patients. J Circ Biomark. 2022;11:57–63. [DOI] [PubMed] [PMC]

20.     

Duffy MJ. Serum tumor markers in breast cancer: are they of clinical value? Clin Chem. 2006;52:
345–51. [DOI] [PubMed]

21.     

Postovit L, Widmann C, Huang P, Gibson SB. Harnessing Oxidative Stress as an Innovative Target for 
Cancer Therapy. Oxid Med Cell Longev. 2018;2018:6135739. [DOI] [PubMed] [PMC]

22.     

Mobley JA, Brueggemeier RW. Estrogen receptor-mediated regulation of oxidative stress and DNA 
damage in breast cancer. Carcinogenesis. 2004;25:3–9. [DOI] [PubMed]

23.     

Cavalieri E, Frenkel K, Liehr JG, Rogan E, Roy D. Estrogens as endogenous genotoxic agents--DNA 
adducts and mutations. J Natl Cancer Inst Monogr. 2000:75–93. [DOI] [PubMed]

24.     

Tahmasebpour N, Hosseinpour Feizi MA, Ziamajidi N, Pouladi N, Montazeri V, Farhadian M, et al. 
Association of Omentin-1 with Oxidative Stress and Clinical Significances in Patients with Breast 
Cancer. Adv Pharm Bull. 2020;10:106–13. [DOI] [PubMed] [PMC]

25.     

Sova H, Jukkola-Vuorinen A, Puistola U, Kauppila S, Karihtala P. 8-Hydroxydeoxyguanosine: a new 
potential independent prognostic factor in breast cancer. Br J Cancer. 2010;102:1018–23. [DOI] 
[PubMed] [PMC]

26.     

Althubiti M, Elzubier M, Alotaibi GS, Althubaiti MA, Alsadi HH, Alhazmi ZA, et al. Beta 2 microglobulin 
correlates with oxidative stress in elderly. Exp Gerontol. 2021;150:111359. [DOI] [PubMed]

27.     

Senoner T, Dichtl W. Oxidative Stress in Cardiovascular Diseases: Still a Therapeutic Target? 
Nutrients. 2019;11:2090. [DOI] [PubMed] [PMC]

28.     

https://dx.doi.org/10.1097/MD.0000000000026878
http://www.ncbi.nlm.nih.gov/pubmed/34477121
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8415973
https://dx.doi.org/10.1038/s41573-021-00233-1
http://www.ncbi.nlm.nih.gov/pubmed/34194012
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8243062
https://dx.doi.org/10.1016/j.dsx.2016.01.028
http://www.ncbi.nlm.nih.gov/pubmed/26806326
https://dx.doi.org/10.1007/s00428-018-2301-9
http://www.ncbi.nlm.nih.gov/pubmed/29380126
https://dx.doi.org/10.1023/a:1006357330486
http://www.ncbi.nlm.nih.gov/pubmed/10817351
https://dx.doi.org/10.4103/jcrt.JCRT_862_16
http://www.ncbi.nlm.nih.gov/pubmed/33723127
https://dx.doi.org/10.1155/2021/6694594
http://www.ncbi.nlm.nih.gov/pubmed/34326920
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8302399
https://dx.doi.org/10.18632/oncoscience.550
http://www.ncbi.nlm.nih.gov/pubmed/35233438
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8876690
https://dx.doi.org/10.5402/2012/137289
http://www.ncbi.nlm.nih.gov/pubmed/23119185
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3483701
http://www.ncbi.nlm.nih.gov/pubmed/12948809
https://dx.doi.org/10.1155/2013/781618
http://www.ncbi.nlm.nih.gov/pubmed/24371830
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3858861
https://dx.doi.org/10.33393/jcb.2022.2446
http://www.ncbi.nlm.nih.gov/pubmed/36381348
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9644433
https://dx.doi.org/10.1373/clinchem.2005.059832
http://www.ncbi.nlm.nih.gov/pubmed/16410341
https://dx.doi.org/10.1155/2018/6135739
http://www.ncbi.nlm.nih.gov/pubmed/29977457
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5994291
https://dx.doi.org/10.1093/carcin/bgg175
http://www.ncbi.nlm.nih.gov/pubmed/14514655
https://dx.doi.org/10.1093/oxfordjournals.jncimonographs.a024247
http://www.ncbi.nlm.nih.gov/pubmed/10963621
https://dx.doi.org/10.15171/apb.2020.013
http://www.ncbi.nlm.nih.gov/pubmed/32002368
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6983997
https://dx.doi.org/10.1038/sj.bjc.6605565
http://www.ncbi.nlm.nih.gov/pubmed/20179711
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2844025
https://dx.doi.org/10.1016/j.exger.2021.111359
http://www.ncbi.nlm.nih.gov/pubmed/33905876
https://dx.doi.org/10.3390/nu11092090
http://www.ncbi.nlm.nih.gov/pubmed/31487802
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6769522

	Abstract
	Keywords
	Introduction
	Materials and methods
	Participants
	Ethical approval
	Characteristics of the study groups
	Determination of serum levels of TAC
	Determination of serum levels Ox-LDL
	Determination of serum levels of CA15-3
	Determination of serum levels of CEA
	Statistical analysis

	Results
	Characteristics of the study groups
	Serum levels of TAC, Ox-LDL, CA15-3, and CEA
	Correlations of TAC, Ox-LDL, and CA15-3
	Association between predictive immunohistochemistry and TAC and Ox-LDL
	Diagnostic performance of serum TAC and Ox-LDL for BC

	Discussion
	Conclusion

	Abbreviations
	Declarations
	Acknowledgments
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	Publisher’s note
	References

