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ABSTRACT 

Background: Lung cancer is a leading cause of cancer mortality, linked to anti-oxidant and oxidative stress and 
epithelial damage. Biomarkers like superoxide dismutase (SOD), glutathione peroxidase (GPx), malondialdehyde 
(MDA), and cytokeratin fragment 21-1 (CYFRA 21-1) may indicate tumor progression. 

Objective: To assess serum levels of oxidative stress markers (SOD, GPx, MDA) and CYFRA 21-1 in lung cancer 
patients versus controls used to monitoring and prognosis tool for the oxidative stress status. 

Methodology: This case-control study was carried out from November 2024 to April 2025 at Nassiriya Teaching 
Hospital in Thi-Qar, Iraq. Sixty patients with lung cancer and 60 age-matched controls were included in the study. 
Venous blood samples were obtained, and serum was separated and stored to determine the concentrations of SOD, 
Gpx, MDA and CYFRA 21-1 using enzyme-linked immunosorbent assay (ELISA).  

Results: There were no significant differences in age or BMI between the two groups. Lung cancer patients had 
significantly elevated levels of MDA (193.2 ± 18.6 vs. 158.6 ± 21.09 nmol/mL), SOD (90.15 ± 34.9 vs. 42.07 ± 13.78 
ng/mL), GPx (65.4 ± 29.4 vs. 9.98 ± 5.6 µU/mL), and CYFRA 21-1 (15.1 ± 6.5 vs. 5.9 ± 2.7 ng/mL) compared to controls 
(P < 0.001 for all). Oxidative stress markers and CYFRA 21-1 levels did not differ significantly among age subgroups 
in patients with lung cancer. 

Conclusions: This study highlights a significant elevation in oxidative stress markers and CYFRA 21-1 in patients with 
lung cancer, supporting their potential role as diagnostic and prognostic biomarkers. Monitoring these biomarkers 
may enhance early detection and management of lung cancer in clinical settings. 
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1. INTRODUCTION 

Lung cancer is one of the most prevalent and deadly 

malignancies worldwide and accounts for a significant 

proportion of cancer-related morbidity and mortality. It 

is broadly categorized into two main types: non-small 

cell lung cancer (NSCLC), which constitutes 

approximately 85% of all cases, and small-cell lung 

cancer (SCLC), which is less common but more 

aggressive.1  The primary risk factor for lung cancer is 
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tobacco smoking, which is responsible for nearly 85% of 

lung cancer cases, although other factors such as 

environmental exposure (e.g., radon, asbestos, and air 

pollution) and genetic predispositions also play critical 

roles.2 Geographic variations in lung cancer prevalence 

are evident, with higher incidence rates observed in 

developed regions, such as North America, Europe, and 

Eastern Asia, largely due to smoking prevalence and 

environmental factors, such as air pollution.1  

Oxidative stress, due to an imbalance between reactive 

oxygen species (ROS) generation and the antioxidant 

defense system, plays a crucial role in the pathogenesis 

and proliferation of lung cancer. ROS can produce DNA 

adducts, lipid peroxides, and protein carbonyls, resulting 

in genomic instability and oncogenic signals.3 Oxidative 

stress is induced by various environmental factors (e.g., 

tobacco smoke) and is highly expected in lung cancer, as 

tobacco smoke and air pollution are the dominant factors 

that induce ROS in the lungs.4 Superoxide dismutase is 

a central antioxidant enzyme that is important in 

biological defense against reactive oxygen species 

(ROS). SOD, the first line of defense in the suppression 

of oxidative stress, catalyzes the dismutation of 

superoxide anion radicals (O2-) to H2O2 and O2.5 The 

overproduction of ROS, including hydroxyl radicals, 

hydrogen peroxide, and superoxide anions, is associated 

with many harmful effects on various biomolecules, 

including DNA damage, which is one of the most 

dangerous threats to the integrity and function of cells.6 

Superoxide dismutase plays an important role in 

biological defense mechanisms against the tumorigenic 

effects of activated oxygen and free radicals. 

Overexpression of SOD in cell lines has been shown to 

exert inhibitory effects on tumor cell growth. As 

increased SODs activity has shown suppressive effects 

on the growth of several malignant tumors, SODs may 

be considered tumor suppressors.7 Glutathione a 

tripeptide composed of glutamine, cysteine, and glycine, 

is the most abundant non-protein thiol in mammalian 

cells, present at millimolar concentrations, and serves as 

a critical intracellular antioxidant that regulates cellular 

redox balance and protects cells from damage caused by 

ROS, reactive nitrogen species, and xenobiotics. It 

antioxidative functions, GSH plays a pivotal role in 

signal transduction, influencing cell differentiation, 

proliferation, apoptosis, ferroptosis, and immune 

responses.8 Glutathione metabolism plays a complex 

role in cancer, acting as both a protector against 

oxidative stress and promoter of tumor growth. High 

GSH levels in cancer cells are linked to increased tumor 

progression and resistance to chemotherapy. This 

resistance arises because GSH can bind to and detoxify 

chemotherapeutic agents, reducing their effectiveness 

and allowing cancer cells to survive lethal treatments.9 

Malondialdehyde as oxidative stress biomarkers is a 

reactive aldehyde and a classic biomarker of oxidative 

stress that is produced as a by-product of lipid 

peroxidation in cell membranes. MDA is a small, three-

carbon molecule with the chemical formula C₃H₄O₂ with 

X2C units on the terminal carbon atoms. This 

configuration causes MDA to become highly reactive 

and form covalent adducts with proteins, DNA, and other 

cellular components, resulting in conformational and 

functional changes that are responsible for cellular 

damage. MDA production is closely related to the 

presence of ROS, which result in the initiation of lipid 

peroxidation under oxidative stress, a common trend 

found in numerous diseases such as cancer, 

cardiovascular diseases, and neurodegenerative 

diseases.10,11 

The soluble fragment of cytokeratin 19, an epithelial cell 

intermediate filament-related protein, is called 

cytokeratin (CYFRA) fragment antigen 21-1 (CYFRA 

21-1). It has been reported to be a tumor marker in many 

studies, especially in NSCLC, in which increased serum 

levels reflect the progression and poor prognosis of 

NSCLC.12 The biological properties of CYFRA 21-1 

especially with its epithelial specificity and structural 

stability, justify its  clinical use in oncology. Proteomics 

and biomarker studies have continued to evolve, and 

personalized cancer management has been targeted.13 

Functionally CYFRA 21-1 is a surrogate marker of the 

turnover and apoptosis of epithelial cells. High serum 

and plasma concentrations of CYFRA 21-1 are 

frequently linked to enhanced cell proliferation, cell 

necrosis, and tumor burden, especially in epithelial-

origin tumors.14 It is clinically useful, especially in 

NSCLC, and has been found to correlate with the tumor 

stage, prognosis, and therapeutic response. Furthermore, 

CYFRA 21-1 has been investigated as a potential 

biomarker in other malignancies (e.g., urinary bladder, 

cervix, and head and neck); however, its specific and 

sensitive applicability for different tumor types can 

vary.15 The objective is to evaluate serum levels of 

oxidative stress markers (SOD, GPx,) and MDA as anti-

oxidant biomarker and CYFRA 21-1 in lung cancer 

patients compared to controls used to monitoring and 

prognosis tool for the oxidative stress status. 

2. METHODOLOGY 

This case control study was conducted between 

November 2024 and April 2025. This study included 60 

patients with lung cancer (31 males and 29 females). The 

patients were diagnosed by a specialist physician at the 

Nassiriya Teaching Hospital, ThiQar Governorate, 

southern Iraq. In addition, the study included 60 healthy 

persons as controls (31 males and 29 females), and 

demographic data, including age, sex, and clinical 

findings, were collected using a standardized 
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questionnaire. After collecting 10 ml of venous blood 

from each of the 120 participants, the blood was 

centrifuged to obtain serum for the measurement of 

SOD, Gpx, MDA and CYFRA 21-1 were measured by 

using enzyme-linked immunosorbent assay (ELISA). 
SOD and GPx and CYFRA 21-1 manufactured by BT-

LAB (China) with Cat.No (E0700Hu, E3921Hu, 

E1619Hu) respectively. MDA by Elabscience/ USA 

(Cat.No E-EL-0060) 

Inclusion criteria include confirmed lung cancer 

diagnosis determined clinically and pathologically also 

use CT scan and Histopathological examination.  Age: 

28 to 81 years; both male and female. Includes smokers 

and non-smokers. Any disease stage (I–IV)- Patients 

receiving active treatment (chemotherapy,  radiotherapy, 

immunotherapy, targeted therapy). Exclusion criteria 

include previous or current cancer. Use of antioxidant or 

vitamin D supplements. Chronic inflammatory or 

autoimmune disease 

2.1. Statistical Analysis 

   Data were analyzed using the Statistical Package for 

the Social Sciences (SPSS) version 26, developed by 

IBM, SPSS Inc., USA. The study employed an 

independent sample t-test for parametric variables. The 

outcome was deemed statistically significant based on a 

p-value of less than or equal to 0.05. 

3. RESULTS 

The patients and controls in this study ranged in age from 

27 to 60 years. Baseline demographic and 

anthropometric variables were compared between the 60 

healthy controls and 60 patients with lung cancer. Table 

1 exhibited no statistically significant differences in age 

(mean: 52.8 ± 12.7 vs.49.53 ± 10.4; P = 0.09). Notably, 

lung cancer patients displayed a lower mean BMI (20.5 

± 1.3 kg/m²) compared to controls (25.34 ± 3.0 kg/m²; P 

= 0.2), though this difference showed non-significant 

difference. 

Regarding sex between the two 

groups, there was a non-

significant difference between 

them (P - 0.85), 60 patients 

with lung cancer (31 males and 

29 females), and 60 healthy 

persons as controls (32 males 

and 28 females). The 

frequency was the highest in 

the fourth stage 31 (51%) and 

lowest in the first stage 4 (6%). 

As shown in Figure 1.  

Oxidative stress markers demonstrated pronounced 

intergroup disparities. MDA, a lipid peroxidation 

product, was elevated in cancer patients (193.2 ± 18.6 

nmol/mL vs. 158.6 ± 21.09 nmol/mL; P < 0.001), 

reflecting heightened oxidative damage. Antioxidant 

enzymes also diverged: GPX-1 and SOD-1 levels were 

significantly higher in patients (65.4 ± 29.4 μU/mL vs. 

9.98 ± 5.6 μU/mL and 90.15 ± 34.9 ng/mL vs. 42.07 ± 

13.78 ng/mL, respectively; P < 0.001) (Table 2). 

CYFRA21-1, a cytokeratin fragment associated with 

epithelial malignancy, was significantly elevated in lung 

cancer patients (15.1 ± 6.5 ng/mL vs. 5.9 ± 2.7 ng/mL; P 

< 0.001) (Table 2). 

The levels of MDA, GPx, and SOD did not show any 

significant difference among age subgroup in patient 

with lung cancer (P - 0.95, P - 0.61, and P - 0.28, 

respectively), as show in Table 3. 

When comparing the levels of CYFRA21-1 among the 

age subgroup, there was a non-significant difference (P - 

0.40) among the groups, as shown in tables 2-3. 

 

 

Table 1: Socio-demographic and anthropometric measurement 
characteristics among the study groups 

Characteristic Patients group  

(n = 60) 

Control group 

(n = 60) 

P- value 

Age (year) 52.8 ± 12.7 49.53 ± 10.4 0.09 NS* 

BMI (kg/m2) 20.5 ± 1.3 25.34 ± 3.0 0.2 NS* 

Gender    

Male 31 (52) 32 (53) 0.85 

Female 29 (48) 28 (47(  

NS: Non-significant, *t-test;, Data given as mean ± SD or n (%) 

Stage 1
6%

Stage 2
24%

Stage 3
19%

Stage 4
51%

Figure 1: Prevalence of lung cancer stages among 

patients 
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4. DISCUSSION 

The findings of the current study showed a high level of 

oxidative stress markers in lung cancer patients when 

compared with healthy controls (Table 2). These 

findings are in agreement with those of Sánchez-Pozos 

et al. (2015), in which lung cancer patients with 

concomitant COPD had significantly higher levels of 

SOD1 and SOD2 proteins and MDA-protein adducts 

than patients with lung cancer and healthy controls.16 

This is also consistent with a prospective comparative 

study by Yugraten et al. (2021), who reported higher 

SOD and GPx activities in both metastatic and non-

metastatic lung cancer patients and higher TBARS 

levels (MDA equivalents) in patients than in healthy 

individuals.17 With reference to patients with lung 

cancer, in the study by Sonkar et al. (2019), serum 

oxidative marker analysis revealed a significant increase 

in TBARS (MDA surrogate).18 They also found higher 

SOD activity and GPx differences between the patients 

and controls. Superoxide dismutase is a  first-line 

defense and antioxidant enzyme produced by the body to 

catalyze the dismutation of superoxide to hydrogen 

peroxide. High SOD activity in lung cancer patients may 

initially compensate for  ROS production. A study by 

Tas et al. (2005) reported that SOD activity in the 

erythrocytes of non-small cell lung cancer (NSCLC) 

patients was markedly higher than that in the 

erythrocytes of normal subjects and explained these 

findings by the increase in oxidative stress in association 

with tumor metabolic changes and inflammation.19 

Conversely, elevated SOD levels have been  

regarded as a 

response to the high 

oxidative burden 

created by tumor 

hypoxia and 

mitochondrial 

dysfunction.20 GPx 

is another important 

antioxidant enzyme 

that is desirable for 

reducing hydrogen 

peroxide and lipid 

peroxides through 

the     action of 

glutathione. 

Notably, some 

studies have 

described increased 

or decreased GPx 

activity in lung 

cancer patients, 

which could be 

related to the 

disease stage or  

heterogeneity of tumor biology. For instance, Acharya et 

al. (2010) reported that the GPx activity of NSCLC 

patients was significantly higher,21 suggesting that 

higher GPx activity might be a protective mechanism 

for the overproduction of hydrogen peroxide. "But if 

stress becomes chronic, the enzyme can be used up or 

compromised." Our current findings are consistent with 

these later studies, since we observed upstream GPx, 

which indicates   continuing oxidative stress and an 

active but possibly overwhelmed antioxidant defense.22 

Malondialdehyde ia a product of lipid peroxidation, is 

an indicator of oxidative damage to cellular 

membranes. The marked increase in MDA levels in 

lung cancer patients reflects enhanced lipid 

peroxidation, and therefore, oxidative damage. This 

result is consistent with that   of a study by Gackowski 

et al. (2008), who reported high MDA levels in the 

plasma and lung tissues of patients with lung cancer.23 

The elevated lipid peroxidation level may be attributed 

to enhanced ROS generation by either tumor or immune 

cells, especially under conditions of chronic 

inflammation and exposure to tobacco smoke, a known 

stimulus for oxidative stress.24 Overall, these results 

further support the hypothesis that Mal is implicated in 

the pathogenesis of lung cancer via the induction of 

oxidative stress. These findings are in accordance with 

increasing  evidence on the involvement of an 

oxidant/antioxidant imbalance in the development and 

progression of lung cancer.25  

In the current study, increased CYFRA 21-1 level in the 

sera of lung cancer patients were statistically significant 

Table 2: Oxidative stress and anti-oxidant marker profiles and the levels of 
CYFRA21-1 in healthy controls and lung cancer patients 

Parameters 

 

Patient group  

(n = 60) 

Control group 

(n = 60) 

P-value 

MDA (nmol/mL) 193.2 ± 18.6 158.6 ± 21.09 <0.001 

GPx (µU/mL) 65.4 ± 29.4 9.98 ± 5.6 <0.001 

SOD (ng/mL) 90.15 ± 34.9 42.07 ± 13.78 <0.001 

CYFRA21-1 (ng/ml) 15.1 ± 6.5 5.9 ± 2.7 <0.001 

Data presented as mean ± SD; P  0,05 considered as significant 

Table 3: Oxidative stress and anti-oxidant marker profiles and the levels of 
CYFRA21-1 in lung cancer patients according to age subgroup 

Parameters 28-47 years 48-67 years > 68 years P- value 

MDA (nmol/mL) 195.70 ± 15.68 193.89 ± 20.20 195.39 ± 21.15 0.95 

GPx (µU/mL) 69. 66 ± 20.64 60.87 ± 28.17 59.78 ± 18.63 0.61 

SOD (ng/mL) 86.96 ± 29.99 90.58 ± 26.16 94.47 ± 36.79 0.28 

CYFRA21-1 (ng/ml) 10.188 ± 3.58 13.86 ± 7.93 15.52 ± 8.15 0.40 
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compared to the levels in the control group. This finding 

is in accordance with the report by Li et al. (26), who 

found significantly higher levels of CYFRA 21‑1 in 

malignant versus benign pulmonary nodules in their pilot 

study. Similarly, Molina et al. (2003) showed that 

CYFRA 21-1 was more significant in patients with 

advanced-stage NSCLC, and the level of CYFRA 21-1 

was directly related to tumor progression and poor 

survival.27 CYFRA 21-1 is a cytokeratin 19 soluble 

fragment that belongs to the intermediate filament 

protein family in epithelial cells. In lung tumors, 

particularly squamous cell carcinoma, loss of 

cytoskeletal integrity due to tumor invasion and necrosis 

causes diffusion of cytokeratin fragments into the 

blood.28 This increase in CYFRA 21-1 is not only a result 

of association, but also the pathophysiological outgrowth 

of tumor activity. Pujol et al. (2004) found that CYFRA 

21-1 had a higher sensitivity of 65%, with a low 

specificity of 90% for detecting NSCLC, whereas  other 

markers, such as CEA, have a sensitivity of 30% for lung 

histology.29 The marked elevation detected in the present 

study potentially reflects the high expression of 

cytokeratin 19 within malignant epithelial cells and its 

subsequent release upon cell death. Furthermore, the 

lack of these high values in healthy individuals confirms 

the specificity of CYFRA 21-1 for neoplastic processes 

and not benign pulmonary diseases.30 This specificity is 

of vital importance, especially in clinical practice, with 

the need for the differential diagnosis of malignancy and 

inflammatory or infectious diseases of the urinary lung. 

Serum levels of CYFRA 21-1 differ among the different 

histological types of lung cancer. According to Muley et 

al. (2004), squamous cell carcinoma showed higher 

CYFRA 21-1 levels than adenocarcinoma because of 

the tissue-restricted expression of cytokeratin 19.31 A 

high baseline level is frequently observed and is closely 

related to poor treatment response and overall survival, 

indicating its applications not only in diagnostic 

measurement but also in monitoring treatment.32 This is 

consistent with the biological role of this biomarker as a 

marker of tumor mass and cell breakdown. High CYFRA 

21-1 levels in lung cancer cases emphasize the 

importance of this biomarker for both diagnosis and 

prognosis. These results support existing evidence and 

suggest that CYFRA 21-1 should be included in the 

standard workup of patients with suspected lung 

cancer.33 

5. CONCLUSION 

This study highlights a significant elevation in oxidative 

stress markers and CYFRA 21-1 in patients with lung 

cancer, supporting their potential role as used to 

monitoring and prognosis for the oxidative stress status. 

Monitoring these biomarkers may enhance early 

detection and management of lung cancer in clinical 

settings. 

6. LIMITATION  

The study has several limitations including a limited 

sample size, single-center study, and non-inclusion of 

lung cancer subtypes. 

7. Availability of data  

The datasets used and analyzed during the current study are 

available from the corresponding author on reasonable request.  
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