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ABSTRACT 
Background: Ovarian cancer remains the most lethal gynecologic malignancy, largely due to delayed diagnosis and the 
aggressive nature of advanced tumors. Emerging evidence suggests that oxidative stress plays a critical role in tumorigenesis 
and progression. However, the relationship between oxidative stress biomarkers and tumor aggressiveness in ovarian cancer 
remains underexplored, particularly in South Asian populations. 
Objective: To evaluate the association between serum oxidative stress biomarkers and tumor aggressiveness in ovarian cancer 
patients. 
Methods: This cross-sectional study was conducted from July 2022 to February 2023 at Shahbaz Sharif Hospital Multan, 
Liaquat National Hospital Karachi, and BMC Sandeman Provincial Hospital Quetta. Eighty histologically confirmed ovarian 
cancer patients aged 25–70 years were enrolled prior to therapy. Serum levels of malondialdehyde (MDA), total antioxidant 
capacity (TAC), superoxide dismutase (SOD), and glutathione peroxidase (GPx) were measured. Tumor grade and FIGO stage 
were used to define aggressiveness. Statistical analyses included t-tests and Pearson’s correlation. 
Results: High-grade and advanced-stage tumors showed significantly elevated MDA levels (p<0.001) and decreased TAC, 
SOD, and GPx (all p<0.001). MDA positively correlated with tumor grade (r=0.69) and stage (r=0.72), while antioxidant markers 
showed negative correlations (p<0.001). 
Conclusion: Oxidative stress is strongly associated with increased tumor aggressiveness in ovarian cancer. Serum oxidative 
biomarkers may serve as valuable prognostic indicators and therapeutic targets. Further longitudinal studies are warranted to 
validate these findings and explore antioxidant-based interventions in clinical practice. 
Keywords: Ovarian Cancer, Oxidative Stress, Malondialdehyde, Superoxide Dismutase, Glutathione Peroxidase, Tumor Grade, 

FIGO Stage. 

 

INTRODUCTION 
Ovarian cancer ranks as the fifth leading cause of cancer-related 
deaths among women worldwide and is the most lethal of all 
gynecological malignancies. Despite advances in surgical 
oncology, imaging techniques, and chemotherapy protocols, the 
prognosis for ovarian cancer remains poor, largely due to late-
stage detection and the aggressive biological nature of the 
disease1. High-grade serous carcinoma, the most common 
subtype, is often diagnosed at an advanced stage, characterized 
by widespread peritoneal dissemination and chemoresistance. The 
clinical challenge lies not only in diagnosing the disease early but 
also in accurately predicting tumor behavior to guide individualized 
treatment plans. In recent years, there has been growing interest in 
understanding the molecular and biochemical mechanisms 
underlying tumor progression, with a particular emphasis on 
oxidative stress as a central player in cancer biology2. 
 Oxidative stress is defined as a state of imbalance between 
the production of reactive oxygen species (ROS) and the ability of 
the body’s antioxidant defense mechanisms to detoxify these 
harmful intermediates3. ROS, including superoxide anions, 
hydrogen peroxide, and hydroxyl radicals, are generated 
endogenously during mitochondrial respiration and exogenously 
through environmental toxins, inflammation, and radiation. While 
low levels of ROS play essential roles in cell signaling and immune 
responses, excessive ROS can damage cellular macromolecules, 
including DNA, proteins, and lipids. This oxidative damage 
contributes to genomic instability, mutagenesis, and the disruption 
of normal cell-cycle regulation hallmarks of carcinogenesis4. 
 In ovarian cancer, the tumor microenvironment is 
characterized by chronic oxidative stress, driven by inflammatory 
cytokines, hypoxia, and abnormal angiogenesis. Studies have 
shown elevated levels of oxidative stress markers, such as 
malondialdehyde (MDA), in the serum and tumor tissues of ovarian  
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cancer patients. MDA is a well-established byproduct of lipid 
peroxidation and serves as a sensitive indicator of oxidative 
damage5. Simultaneously, the levels and activity of key antioxidant 
enzymes, such as superoxide dismutase (SOD) and glutathione 
peroxidase (GPx), are often reduced in these patients, indicating 
an overwhelmed or impaired antioxidant system. Total antioxidant 
capacity (TAC), which reflects the cumulative action of all 
antioxidants present in plasma, is also frequently diminished in 
cancer patients, particularly those with high-grade tumors6. 
 The extent of oxidative stress not only reflects disease 
presence but may also correlate with disease severity. Aggressive 
tumors often exhibit higher metabolic rates, increased 
angiogenesis, and enhanced proliferation all of which contribute to 
excessive ROS generation7. It is postulated that a direct 
relationship exists between oxidative stress markers and the 
histopathological features of ovarian cancer, such as tumor grade, 
FIGO stage, lymphovascular invasion, and metastatic potential. 
However, despite these associations, limited data exist from the 
South Asian region, particularly from hospital-based clinical cohorts 
in Pakistan, where genetic, nutritional, and environmental factors 
may further influence oxidative stress status and tumor behavior8. 
 Understanding the link between oxidative stress and tumor 
aggressiveness could have significant clinical implications. 
Oxidative biomarkers may serve not only as diagnostic tools but 
also as prognostic indicators and potential therapeutic targets9. 
The assessment of oxidative stress parameters could help 
oncologists stratify patients according to risk, tailor therapy more 
precisely, and potentially explore the use of antioxidant adjuvant 
treatments to mitigate tumor progression and improve clinical 
outcomes10. 
 Therefore, the present study aims to evaluate the 
association between serum oxidative stress biomarkers specifically 
malondialdehyde, total antioxidant capacity, superoxide dismutase, 
and glutathione peroxidase and tumor aggressiveness in ovarian 
cancer patients admitted to tertiary care hospitals in Pakistan. By 
correlating these biochemical markers with clinical and 
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histopathological parameters, this research seeks to contribute to 
the understanding of oxidative stress as a pivotal factor in ovarian 
tumor biology and to identify potential biomarkers for early 
detection and prognosis in ovarian cancer management11. 
 

MATERIALS AND METHODS 
This hospital-based cross-sectional study was conducted from July 
2022 to February 2023 across three tertiary care hospitals in 
Pakistan: Shahbaz Sharif Hospital, Multan, Liaquat National 
Hospital, Karachi, and Bolan Medical College (BMC) Sandeman 
Provincial Hospital, Quetta. These centers were selected based on 
their high-volume gynecologic oncology departments, diagnostic 
facilities, and surgical oncology units, ensuring a diverse patient 
population representative of various geographic and 
socioeconomic backgrounds. Ethical approval for the study was 
obtained from the Institutional Review Boards (IRBs) and informed 
written consent was secured from each participant prior to 
enrolment. 
 A total of 80 female patients diagnosed with ovarian cancer 
were enrolled using a non-probability consecutive sampling 
technique. Inclusion criteria were: females aged between 25 and 
70 years, newly diagnosed with histopathologically confirmed 
epithelial ovarian carcinoma, and who had not yet received any 
form of chemotherapy, radiotherapy, or antioxidant 
supplementation at the time of enrollment. Exclusion criteria 
included patients with a history of chronic inflammatory diseases, 
autoimmune disorders, end-stage organ failure, concurrent 
malignancies, or current infections, as these conditions could 
independently alter oxidative stress parameters and confound 
study results. 
 Demographic and clinical data, including age, body mass 
index (BMI), parity, menopausal status, comorbidities, and clinical 
presentation, were recorded through a structured, pre-tested 
proforma. Detailed oncological profiles were collected from clinical 
and histopathological records, including tumor type, histological 
grade, FIGO stage, presence of lymphovascular invasion, and 
evidence of peritoneal carcinomatosis or metastasis. 
 Venous blood samples (5 mL) were collected aseptically 
from each participant in the morning after an overnight fast. The 
samples were allowed to clot at room temperature and then 
centrifuged at 3000 rpm for 10 minutes to separate serum. The 
serum was aliquoted and stored at −80°C until biochemical 
analysis. All oxidative stress biomarkers were measured in the 
central biochemistry laboratories of the respective hospitals using 
standardized protocols and commercial reagent kits. 
 Malondialdehyde (MDA) levels, a marker of lipid 
peroxidation, were determined using the thiobarbituric acid-
reactive substances (TBARS) assay, and values were expressed 
in nanomoles per milliliter (nmol/mL). Total antioxidant capacity 
(TAC) was estimated using the ferric-reducing ability of plasma 
(FRAP) method and expressed in millimoles per liter (mmol/L). 
Superoxide dismutase (SOD) activity was measured by its ability to 
inhibit the autoxidation of pyrogallol and expressed in units per 
milliliter (U/mL). Glutathione peroxidase (GPx) activity was 
assessed spectrophotometrically based on the oxidation of 
NADPH and reported in units per liter (U/L). All assays were 
conducted in duplicate to ensure analytical reliability, and internal 
quality control standards were followed throughout. 
 Statistical analysis was performed using IBM SPSS 
Statistics for Windows, Version 27.0. Continuous variables such as 
oxidative stress biomarkers were expressed as mean ± standard 
deviation (SD). Categorical variables including tumor grade and 
stage were presented as frequencies and percentages. The 
independent samples t-test was used to compare biomarker levels 
between low- and high-grade tumors, and between early (FIGO I–
II) and advanced (FIGO III–IV) stages. Pearson’s correlation 
coefficient was applied to examine the relationship between 
oxidative stress markers and tumor aggressiveness parameters. A 
p-value < 0.05 was considered statistically significant. 
 

RESULTS 
A total of 80 female patients newly diagnosed with ovarian cancer 
were included in this study. The mean age of participants was 52.6 
± 9.4 years, with the majority being postmenopausal (58.8%) and 
multiparous (76.3%). Most patients presented with abdominal 
distension, pelvic mass, or nonspecific lower abdominal pain. 
Based on histopathological findings, the most common histological 
subtype was high-grade serous carcinoma (HGSC), followed by 
endometrioid, mucinous, and clear cell carcinomas. The 
distribution of tumor grade and FIGO stage at diagnosis showed a 
predominance of advanced-stage (FIGO III–IV) and high-grade 
disease, reflecting the aggressive nature of the disease and the 
diagnostic delay frequently encountered in clinical practice. 
 Table 1 presents the demographic and clinical characteristics 
of the study population, stratified according to tumor 
aggressiveness (low-grade vs. high-grade). Patients with high-
grade tumors tended to be older, with a higher proportion of FIGO 
stage III/IV disease, lymphovascular invasion, and peritoneal 
carcinomatosis compared to those with low-grade tumors. The 
mean body mass index (BMI) was also slightly higher in the high-
grade group, although this difference did not reach statistical 
significance (p=0.068). 
 
Table 1: Demographic and Clinical Characteristics of Patients Stratified by 
Tumor Grade 

Parameter Low-Grade 
Tumors (n=26) 

High-Grade 
Tumors (n=54) 

p-value 

Mean Age (years) 48.1 ± 8.5 55.3 ± 8.9 <0.001 

Postmenopausal (%) 11 (42.3%) 36 (66.7%) 0.031 

Mean BMI (kg/m²) 26.1 ± 2.8 27.6 ± 3.1 0.068 

FIGO Stage III–IV (%) 8 (30.7%) 44 (81.4%) <0.001 

Lymphovascular 
Invasion (%) 

7 (26.9%) 37 (68.5%) <0.001 

Peritoneal Spread (%) 4 (15.3%) 32 (59.2%) <0.001 

 
 As shown in Table 1, tumor grade correlated strongly with 
advanced disease features, especially FIGO staging and 
lymphovascular invasion, reinforcing the classification of high-
grade tumors as biologically more aggressive. 
 The core focus of the study was the relationship between 
oxidative stress biomarkers and tumor aggressiveness. Table 2 
summarizes the serum levels of malondialdehyde (MDA), total 
antioxidant capacity (TAC), superoxide dismutase (SOD), and 
glutathione peroxidase (GPx), stratified by tumor grade. The data 
reveal a striking oxidative imbalance in patients with high-grade 
tumors, with significantly elevated MDA levels and markedly 
reduced antioxidant defenses. The mean MDA concentration in the 
high-grade group was 6.84 ± 1.19 nmol/mL, nearly double that of 
the low-grade group (3.79 ± 0.73 nmol/mL, p<0.001). Likewise, 
TAC, SOD, and GPx levels were significantly lower in the high-
grade group (all p<0.001). 
 
Table 2: Serum Oxidative Stress Biomarkers According to Tumor Grade 

Biomarker Low-Grade 
Tumors (n=26) 

High-Grade 
Tumors (n=54) 

p-value 

MDA (nmol/mL) 3.79 ± 0.73 6.84 ± 1.19 <0.001 

TAC (mmol/L) 1.27 ± 0.19 0.84 ± 0.12 <0.001 

SOD (U/mL) 146.3 ± 17.5 97.8 ± 14.9 <0.001 

GPx (U/L) 67.5 ± 11.2 43.3 ± 8.6 <0.001 

 
 Table 2 clearly demonstrates a biochemical pattern of 
elevated oxidative damage and reduced antioxidant defense in 
high-grade tumors, underscoring the potential utility of these 
biomarkers in distinguishing between aggressive and indolent 
forms of ovarian cancer. 
 To further evaluate the clinical relevance of oxidative stress 
in disease progression, patients were also stratified according to 
FIGO staging, comparing early-stage disease (I–II) with advanced-
stage disease (III–IV). Table 3 shows the mean biomarker levels in 
these two groups. A statistically significant increase in MDA and 
decrease in TAC, SOD, and GPx were observed in patients with 
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advanced-stage tumors. The oxidative stress burden appears to 
progressively worsen with disease advancement, further 
strengthening the correlation between redox status and tumor 
aggressiveness. 
 
Table 3: Serum Oxidative Stress Biomarkers Stratified by FIGO Stage 

Biomarker FIGO Stage I–
II (n=29) 

FIGO Stage 
III–IV (n=51) 

p-value 

MDA (nmol/mL) 3.96 ± 0.82 6.55 ± 1.24 <0.001 

TAC (mmol/L) 1.21 ± 0.15 0.88 ± 0.13 <0.001 

SOD (U/mL) 142.7 ± 16.1 102.1 ± 15.2 <0.001 

GPx (U/L) 65.3 ± 9.6 45.8 ± 8.9 <0.001 

 
 The findings in Table 3 indicate that oxidative stress markers 
can effectively distinguish between early and advanced disease 
states, which could be of diagnostic and prognostic significance in 
clinical practice. Finally, to quantify the strength of association 
between oxidative stress biomarkers and tumor aggressiveness, 
Pearson’s correlation analysis was performed. As shown in Table 
4, a strong positive correlation was observed between MDA levels 
and FIGO stage (r=0.72, p<0.001), while TAC, SOD, and GPx 
were all negatively correlated with tumor stage and histological 
grade (p<0.001 for all), indicating that as disease severity 
increases, antioxidant defense diminishes in a statistically 
predictable manner. 
 
Table 4: Correlation Between Oxidative Stress Biomarkers and Tumor 
Aggressiveness Parameters 

Biomarker Tumor Grade (r) Tumor Stage (r) p-value (All) 

MDA +0.69 +0.72 <0.001 

TAC −0.65 −0.67 <0.001 

SOD −0.61 −0.63 <0.001 

GPx −0.68 −0.70 <0.001 

 
 In summary, the results of this hospital-based study strongly 
demonstrate that ovarian cancer patients with high-grade and 
advanced-stage tumors exhibit a profoundly dysregulated oxidative 
stress profile, characterized by elevated serum malondialdehyde 
and suppressed antioxidant enzyme activity. The robust 
correlations observed between redox biomarkers and tumor 
aggressiveness parameters such as histological grade and FIGO 
stage suggest that oxidative stress plays a central role in driving 
ovarian tumor progression. These findings not only validate the 
importance of oxidative imbalance in ovarian cancer 
pathophysiology but also propose that serum oxidative biomarkers 
may serve as reliable, non-invasive indicators of tumor behavior, 
with potential implications for prognostic assessment, treatment 
stratification, and future antioxidant-based therapeutic 
interventions. 
 

DISCUSSION 
The current hospital-based study provides robust evidence that 
oxidative stress plays a significant role in the biological 
aggressiveness of ovarian cancer12. Our findings demonstrate that 
patients with high-grade tumors and advanced-stage disease 
exhibit markedly higher levels of serum malondialdehyde (MDA), a 
marker of lipid peroxidation, along with significantly reduced levels 
of essential antioxidant parameters including total antioxidant 
capacity (TAC), superoxide dismutase (SOD), and glutathione 
peroxidase (GPx). These associations were statistically significant 
and suggest that oxidative stress is not only a feature of ovarian 
malignancy but also closely linked with its progression and 
severity13. 
 Malondialdehyde is one of the most studied end-products of 
lipid peroxidation and has been widely accepted as a reliable 
marker of oxidative damage. In the present study, MDA levels were 
nearly doubled in patients with high-grade tumors compared to 
those with low-grade histology14. This observation indicates an 
excessive oxidative burden in aggressive ovarian cancers, likely 
driven by high metabolic rates, hypoxic tumor microenvironments, 
and ongoing inflammation. Previous literature supports this pattern. 

Previous studies have reported similar findings, emphasizing the 
association between lipid peroxidation and cancer cell proliferation, 
angiogenesis, and chemoresistance15. 
 On the other hand, antioxidant defense mechanisms, 
particularly enzymatic antioxidants such as SOD and GPx, were 
significantly compromised in patients with more aggressive 
disease phenotypes. These enzymes serve as critical protectors 
against ROS-induced damage. Their reduced activity in high-grade 
ovarian tumors may be the result of enzyme consumption due to 
persistent oxidative stress, or it may reflect impaired antioxidant 
regulation in cancer cells. TAC, a global measure of non-enzymatic 
and enzymatic antioxidant potential, was also significantly lower in 
patients with advanced-stage and high-grade disease, suggesting 
a systemic oxidative imbalance16, 17. 
 These findings suggest a clear inverse relationship between 
antioxidant levels and tumor aggressiveness. Importantly, 
Pearson’s correlation analysis confirmed that MDA had a strong 
positive correlation with tumor stage and grade, while TAC, SOD, 
and GPx exhibited significant negative correlations with these 
clinical parameters. These patterns reinforce the hypothesis that 
redox status influences tumor behavior and could be used as a 
biochemical indicator of disease severity18, 19. 
 From a pathophysiological perspective, chronic oxidative 
stress in the tumor microenvironment can enhance tumor 
progression through multiple mechanisms. Reactive oxygen 
species (ROS) promote DNA damage, genomic instability, and 
mutations in oncogenes and tumor suppressor genes such as p53 
and BRCA120. Furthermore, ROS modulate signaling pathways 
including NF-κB, MAPK, and HIF-1α, which are implicated in 
epithelial-mesenchymal transition (EMT), angiogenesis, and 
metastasis. These molecular alterations contribute to the 
enhanced proliferative and invasive capacity observed in 
aggressive ovarian tumors21. 
 Clinically, these results support the potential utility of 
oxidative stress biomarkers as non-invasive tools for 
prognostication and disease monitoring. MDA, TAC, SOD, and 
GPx could be incorporated into risk stratification models to identify 
patients at higher risk of poor outcomes, allowing for earlier 
intervention and personalized treatment plans22. Additionally, these 
findings raise the possibility of antioxidant-based adjunct therapies 
aimed at restoring redox balance. Preclinical studies have shown 
promising results with agents such as N-acetylcysteine, 
resveratrol, and vitamin E, although clinical trials are needed to 
validate their effectiveness in ovarian cancer management23. 
 Nonetheless, this study has several limitations. Being cross-
sectional, it cannot establish causality or temporal relationships 
between oxidative stress and tumor progression24. Serum oxidative 
stress levels were measured at a single time point, which may not 
reflect fluctuations during disease course or treatment. Dietary 
factors, environmental exposures, and genetic predispositions that 
influence oxidative status were not fully controlled. Future 
longitudinal studies, with serial measurements and larger 
multicenter cohorts, are required to confirm these associations and 
explore their predictive value over time25. 
 In conclusion, the present study underscores the significant 
association between oxidative stress and tumor aggressiveness in 
ovarian cancer. Elevated MDA and diminished antioxidant enzyme 
activity are strongly linked with higher histological grade and 
advanced FIGO staging, suggesting their potential role as 
biochemical indicators of disease severity. These findings open 
new avenues for research into oxidative stress as a target for 
diagnosis, prognosis, and therapeutic intervention in ovarian 
cancer26. 
 

CONCLUSION 
This hospital-based study demonstrates a significant association 
between oxidative stress biomarkers and tumor aggressiveness in 
patients with ovarian cancer. Elevated serum levels of 
malondialdehyde (MDA), accompanied by reduced levels of total 
antioxidant capacity (TAC), superoxide dismutase (SOD), and 
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glutathione peroxidase (GPx), were observed in patients with high-
grade histology and advanced FIGO stages. These findings reflect 
a marked redox imbalance in biologically aggressive tumors and 
highlight oxidative stress as both a potential driver and indicator of 
tumor progression. The strong correlations observed suggest that 
oxidative biomarkers could serve as valuable, non-invasive tools 
for clinical risk stratification, prognosis, and possibly therapeutic 
targeting in ovarian cancer management. Further longitudinal and 
interventional studies are needed to explore the predictive and 
therapeutic implications of these biomarkers across different tumor 
subtypes and treatment modalities. 
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