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This case-control study investigated the association between inflammatory and metabolic 

biomarkers and breast cancer progression in 150 patients and 50 healthy controls aged 40–60 

years. The results showed that IL-6, TNF-α, MCP-1, and leptin levels were significantly higher 

in breast cancer patients, while IL-10 showed no significant difference. IL-6, TNF-α, and MCP-

1 were moderately correlated with disease severity, whereas IL-10 showed a weak association. 

IL-6 and MCP-1 levels also demonstrated a strong statistical association with survival 

outcomes, while TNF-α, IL-10, and leptin showed no significant impact. No notable changes 

were observed in biomarker levels over time. These findings reinforce the role of inflammation 

and lipid metabolism in breast cancer progression. The positive correlation of IL-6, TNF-α, and 

MCP-1 with disease severity suggests their involvement in tumor microenvironment alterations 

and systemic inflammation. Moreover, IL-6 and MCP-1 levels were strongly linked to survival 

outcomes, highlighting their potential as prognostic biomarkers. These results align with prior 

studies linking adipokines to breast cancer risk, particularly in obesity-driven inflammation. In 

conclusion the study underscores the prognostic value of IL-6 and MCP-1 and suggests their 

potential utility in disease assessment and targeted therapy, offering insights into the interplay 

between chronic inflammation and breast cancer progression. 
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INTRODUCTION 

 

Adipose tissue (AT) is no longer merely 

regarded as an organ responsible for fat storage 

and thermoregulation. The discovery of leptin 

in 1994 further reinforced the endocrine 

function of adipose tissue. Over time, 

additional hormones were identified, 

establishing adipose tissue as a dynamic 

endocrine organ. This discovery fundamentally 

shifted scientific perceptions, demonstrating its 

role in numerous physiological processes, 

including inflammation and the progression of 

cancer, particularly breast cancer
1
. Breast 

cancer (BC) is a common malignancy, with 

adenocarcinomas being the most prevalent 

type. It is the second leading cause of cancer-

related deaths among women in the U.S., 

affecting about one in eight women. Its rising 

incidence is linked to lower birth rates, obesity, 

and a Western diet high in processed foods and 

fats, coupled with insufficient physical 

activity
2
. Obesity can be considered a distinct 

epidemic. Furthermore, it is strongly associated 

with an increased risk of breast cancer 

metastasis and poorer outcomes for patients
3
. 

Individuals who are overweight or obese are at 

a higher risk of developing serious health 

conditions such as dyslipidemia, high blood 

pressure, cardiovascular disease (CVD), type 2 
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diabetes mellitus (DM), stroke, chronic kidney 

disease, and cancer. Moreover, their prognosis 

is generally poorer
3,4

. The International Agency 

for Research on Cancer (IARC) has found 

strong evidence linking excess weight to the 

development of several cancers, including 

esophageal, gastric, liver, kidney, colon, and 

rectal cancers. Although a low body mass index 

offers some protection against cancers like 

thyroid and ovarian, a strong negative 

correlation exists between waist circumference 

and the risk of postmenopausal breast cancer
5,6

. 

A recent study has highlighted the role of 

adipokines, bioactive molecules released by 

adipose tissue, in cancer progression
7,8

. 

Adipokines such as adiponectin, leptin, resistin, 

visfatin, osteopontin, apelin, and lipocalin have 

been found to be elevated in individuals with 

breast cancer
9,10

. Obesity, recognized for its 

impact on tissue microenvironments, plays a 

significant role in the pathophysiological 

mechanisms contributing to cancer. Alterations 

in the microenvironment, occurring externally 

to cells, initiate the aforementioned 

pathways
11,12

. Oxidative stress is known to play 

a critical role in influencing hormonal changes 

in obese individuals. Increased levels of pro-

inflammatory cytokines, driven by alterations 

in adipokine levels, promote the synthesis of 

additional adipokines, thereby creating a 

molecular feedback loop 
13,14

. Recent research 

suggests that cancer cells with impaired 

regulation of reactive oxygen species can 

modify mitoepigenetics. This alteration may 

lead to changes in the mitochondrial genome of 

breast adipose cells, which play a crucial role 

in the growth and metastasis of cancer
15

. 

Elevated triglyceride concentrations in 

adipocytes are linked to changes in the cellular 

environment, including increased levels of 

reactive oxygen species (ROS). This triggers 

two key cellular responses, inflammation and 

endoplasmic reticulum stress
16,17

. 

Comprehending the various functions of 

adipokines within the context of breast cancer 

tumors will enhance established therapy 

modalities by revealing novel biomarkers of 

disease progression and potential therapeutic 

targets
18

. The study aims to investigate the IL-

6, TNF-α, MCP-1, and leptin act synergistically 

to promote breast cancer progression by 

influencing disease severity and clinical 

outcomes. This study also examines the 

correlation between these biomarkers and 

patient survival, highlighting their potential as 

prognostic indicators and providing deeper 

insights into the pathophysiology of breast 

cancer. 

 
Methodology 

A case-control study of 150 women with 

breast cancer (cases) and 50 apparently healthy 

women (controls) aged 40 to 60 years who 

were attended at the Cancer Centre of Al-

Haboubi Teaching Hospital from 1/2/2024 to 

2/2/2025. If the study contained human or 

animal experiments:Ethical consent was 

obtained from all the participants, and Ethical 

approval was obtained from Al-Haboubi 

Teaching Hospital with approval NO : NO 

4877 in 1/2/2024. Study population and 

inclusion criteria Women aged 40 to 60 years 

who had been recently diagnosed with breast 

cancer and had not previously received 

treatment were included in the study. Women 

with chronic illnesses or who were taking 

medications that might affect study outcomes 

were excluded. Blood sample (5 mL) were 

obtained carefully from each participant and 

transferred into a gel tube, and allowed to clot 

at room temperature for 15 minutes. Serum was 

separated by centrifugation (3,500 rpm) and 

stored at -20°C for further use. IL-6, TNF-α, 

IL-10, MCP-1, and Leptin levels were 

measured using ELISA kits (BioTechne, USA), 

according to the manufacturer's instructions. 

The reagents used and their catalog numbers 

were IL-6 (QK206), TNF-α (DTA00), IL-10 

(D1000B), MCP-1 (DCP00), and Leptin 

(DLP00). Clinical data such as disease stage, 

type of treatment (surgery, chemotherapy, 

radiotherapy), and follow-up outcomes were 

also included in the study. Participants were 

followed for 1 years for treatment response 

and clinical outcomes. Tumor grade, stage and 

classification were used to assess disease 

severity in patients with breast cancer. Tumor 

grade was assessed according to the degree of 

differentiation of the cancer cells and classified 

as being low (Grade 1), moderate (Grade 2) or 

high (Grade 3). Tumor staging via the TNM 

system, which assesses tumor size, lymph node 

involvement, and metastases, was used and 

ranges from I (early-stage)– IV (metastatic 

cancer). Tumor classification was categorized 

by breast cancer subtypes — invasive ductal 
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carcinoma (IDC), invasive lobular carcinoma 

(ILC), and other subtypes. These specifications 

gave information about the aggressiveness of 

the illness and specified prognosis as well as 

treatment methods. Survival data were 

analyzed using statistical methods, including 

Kaplan-Meier survival analysis and log-rank 

tests. There were 150 patients survived in the 

study and follow up was carried out for 12 

months from the commencement of the study. 

All cases of survival during follow-up were 

noted. Data were assessed using appropriate 

statistical analyses, including the Chi-square 

test and regression analysis, to illustrate the 

association between different biomarker levels 

and survival rates. 

 
Statistical analysis  

A statistical analysis was performed in 

this study to analyze the association between 

the different biomarkers and the breast cancer 

patients. In the control group, there were 50 

controls; in the patients group, 150 breast 

cancer patients were enrolled. Moreover, 

statistical analyses were performed with 

normally distributed variables by using 

dependent t-test (two-tailed) and independent t-

test (two-tailed), while Mann-Whitney U test 

and Wilcoxon test were used for non-normally 

distributed variables. With unequal group sizes, 

such methods are also used to ensure the 

robustness of the results with P < 0.05 

representing statistical significance. 
 

Ethical approval 

All patients who were included in the 

study were informed about the study and gave 

their verbal consent before sample collection. 

The study was approved by the Committee on 

Publication Ethics at the Thi-Qar Health 

Directorate and Al-Habboubi Teaching 

Hospital. 

 

RESULTS AND DISCUSSION 

   

Sociodemographic Characteristics of Breast 

Cancer Patients Compared to Healthy 

Controls 

Regarding socio-demographic 

characteristics, the mean age of breast cancer 

patients was 52.3 ± 10.5 years, significantly 

higher than that of healthy individuals (45.6 ± 

12.3 years, p=0.02). All patients were female, 

as were the healthy controls. Education level: 

20% of patients had a high school diploma vs. 

30% of controls (p=0.15), while 35% of 

patients had a bachelor's degree vs. 25% of 

controls (p=0.10). Postgraduate degree holders 

were 45% in both groups. Marital status: 10% 

of patients were unmarried vs. 15% of controls 

(p=0.40), 70% were married vs. 55% of 

controls (p=0.12), and 20% were 

divorced/widowed vs. 30% of controls 

(p=0.25), Table 1 and Fig. 1. 

 

Table 1: Age, Gender, Education Level, and Marital Status Distribution. 

Characteristic 
Breast Cancer Patients 

(N=150) 

Healthy Controls 

(N=50) 
p-value 

Age (Mean ± SD) 52.3 ± 10.5 45.6 ± 12.3 0.02 

Gender (Female %) 100% 100% - 

BMI 31.58± 8.98 24.43± 4.13 <0.001 

Education Level (%)    

- High School 20% 30% 0.15 

- Bachelor's Degree 35% 25% 0.10 

- Postgraduate 45% 45% 1.00 

Marital Status (%)    

- Single 10% 15% 0.40 

- Married 70% 55% 0.12 

- Divorced/Widowed 20% 30% 0.25 
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Fig. 1: Sociodemographic Characteristics of the study population.  

 

Levels of Cytokines, Chemokines, and 

Adipokines in Breast Cancer Patients versus 

Healthy Controls 

Regarding cytokines, chemokines, and 

adipokines, the mean IL-6 level in breast 

cancer patients was 48.2 ± 15.3 pg/mL, 

significantly higher than in healthy subjects 

(28.7 ± 10.2 pg/mL, p=0.01). The TNF-α level 

was also higher in patients (75.4 ± 22.1 pg/mL) 

compared to healthy subjects (55.9 ± 18.7 

pg/mL, p=0.03). For IL-10, the level was 16.3 

± 6.8 pg/mL in patients versus 12.1 ± 5.4 

pg/mL in healthy subjects, but the difference 

was not statistically significant (p=0.07). The 

MCP-1 level was significantly higher in 

patients (550.8 ± 130.5 pg/mL) compared to 

healthy subjects (420.3 ± 110.7 pg/mL, 

p=0.02). Finally, the leptin level in patients was 

18.6 ± 7.2 ng/mL, compared to 12.4 ± 5.8 

ng/mL in healthy subjects (p=0.04), Table 2 

and Fig. 2. 

 

Table 2: Comparative Analysis of Biomarker Levels.  

Biomarker Breast Cancer Patients (N=150) Healthy Controls (N=50) p-value 

IL-6 (pg/mL) 48.2 ± 15.3 28.7 ± 10.2 0.01 

TNF-α (pg/mL) 75.4 ± 22.1 55.9 ± 18.7 0.03 

IL-10 (pg/mL) 16.3 ± 6.8 12.1 ± 5.4 0.07 

MCP-1 (pg/mL) 550.8 ± 130.5 420.3 ± 110.7 0.02 

Leptin (ng/mL) 18.6 ± 7.2 12.4 ± 5.8 0.04 

 

 

Fig. 2: Levels of Cytokines, Chemokines, and Adipokines in Breast Cancer Patients. 
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Correlation Between Biomarkers and 

Disease Severity in Breast Cancer Patients 

The research revealed a moderate 

correlation coefficient of 0.50 and a p-value of 

0.01, demonstrating a significant positive 

association between IL-6 levels and disease 

severity in breast cancer patients. TNF-α 

exhibited a positive correlation with disease 

severity, indicated by a correlation coefficient 

of 0.45 and a p-value of 0.03. With a 

correlation coefficient of -0.30 and a p-value of 

0.07, IL-10 showed a negative association with 

disease severity, indicating a lack of statistical 

significance. MCP-1 exhibited a positive 

correlation with disease severity, evidenced by 

a correlation coefficient of 0.40 and a p-value 

of 0.02. Leptin also showed a positive 

correlation with disease severity, with a 

correlation coefficient of 0.35 and a p-value of 

0.04 (Table 3 and Fig. 3). 

 

 

Impact of Biomarkers on Survival Rates in 

Breast Cancer Patients 

The results demonstrated the impact of 

biomarker levels on breast cancer patient 

survival rates. For IL-6, the survival rate for 

high levels was 65%, compared to 50% for low 

levels, with a p-value of 0.03, indicating strong 

statistical significance. For TNF-α, the survival 

rate for high levels was 60%, compared to 55% 

for low levels, but a p-value of 0.25 indicated 

no strong statistical significance. For IL-10, the 

survival rate for patients with high levels was 

70%, compared to 60% for low levels, with a 

p-value of 0.15, indicating no strong statistical 

significance. For MCP-1, the survival rate for 

patients with high levels was 68%, compared to 

55% for low levels, with a p-value of 0.05, 

indicating acceptable statistical significance. 

Finally, the survival rate of patients with high 

leptin levels was 62%, compared to 55% for 

low levels, with a p-value of 0.20, indicating no 

strong statistical significance (Table 4 and Fig. 

4). 

Table 3: Associations of Cytokines, Chemokines, and Adipokines with Disease Severity 

Biomarker Correlation Coefficient (r) p-value 

IL-6 0.50 0.01 

TNF-α 0.45 0.03 

IL-10 -0.30 0.07 

MCP-1 0.40 0.02 

Leptin 0.35 0.04 

 

 

Fig. 3: The Cytokines, Chemokines, and Adipokines with Disease Severity. 
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Table 4: Survival Rate Comparisons by Biomarker Levels. 

Biomarker 
High Level Survival 

Rate (%) 

Low Level Survival 

Rate (%) 
p-value 

IL-6 65% 50% 0.03 

TNF-α 60% 55% 0.25 

IL-10 70% 60% 0.15 

MCP-1 68% 55% 0.05 

Leptin 62% 55% 0.20 

 

 

Fig. 4: The Survival Rates in Breast Cancer Patients. 

 

Changes in Biomarker Levels Over Time in 

Breast Cancer Patients 

Researchers examined changes in 

biomarker levels over time in breast cancer 

patients and found that IL-6 levels increased 

from 47.5 ± 14.8 pg/mL to 49.0 ± 16.0 pg/mL, 

but the p-value of 0.30 indicated no strong 

statistical association. TNF-α levels rose from 

74.0 ± 21.9 pg/mL to 76.0 ± 22.3 pg/mL, but 

the p-value of 0.40 also indicated no strong 

statistical significance. IL-10 levels increased 

from 16.0 ± 6.7 pg/mL to 16.5 ± 6.9 pg/mL, but 

the p-value of 0.50 confirmed no statistically 

significant change. MCP-1 levels rose from 

548.0 ± 130.0 pg/mL to 552.0 ± 132.0 pg/mL, 

with a p-value of 0.60, indicating no statistical 

significance. Finally, leptin levels increased 

from 18.5 ± 7.1 ng/mL to 18.7 ± 7.3 ng/mL, but 

the p-value of 0.70 confirmed that the changes 

were not statistically significant (Table 5 and 

Fig. 5). 

 

Table 5: Initial and Follow-up Biomarker Levels and Their Statistical Significance. 

Biomarker Initial Level (Mean ± SD) Follow-up Level (Mean ± SD) p-value 

IL-6 47.5 ± 14.8 49.0 ± 16.0 0.30 

TNF-α 74.0 ± 21.9 76.0 ± 22.3 0.40 

IL-10 16.0 ± 6.7 16.5 ± 6.9 0.50 

MCP-1 548.0 ± 130.0 552.0 ± 132.0 0.60 

Leptin 18.5 ± 7.1 18.7 ± 7.3 0.70 
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Fig. 5: The Changes in Biomarker Levels Over Time. 

 

Association of Biomarker Levels with 

Tumor Characteristics in Breast Cancer 

The results showed that biomarker levels 

varied significantly depending on tumor 

characteristics in cancer patients. Regarding 

tumor grade, levels of IL-6, TNF-α, MCP-1, 

and leptin were significantly higher in tumor 

grade III (high) compared to grades I (low) and 

II (intermediate), with tumor grade III having 

the highest mean values for the studied 

biomarkers. Regarding tumor stage, levels of 

IL-6, TNF-α, MCP-1, and leptin were also 

higher in stage III (advanced) compared to 

stage I (early) and stage II (intermediate). 

Regarding tumor classification, biomarker 

levels were higher in invasive ductal 

adenocarcinomas than in invasive papillary 

adenocarcinomas, with minor differences in 

other tumor outcomes. P values were less than 

0.05 in most cases, indicating a statistically 

significant relationship between tumor 

characteristics and biomarker levels. 

 

Table 6: Tumor Grade, Stage, and Classification Impact on IL-6, TNF-α, IL-10, MCP-1, and Leptin 

Levels. 

Tumor 

Characteristic 

IL-6 

(pg/mL) 

TNF-α 

(pg/mL) 

IL-10 

(pg/mL) 

MCP-1 

(pg/mL) 

Leptin 

(ng/mL) 

p-

value 

Tumor Grade 

Grade 1 (Low) 38.5 ± 12.1 65.3 ± 19.5 15.2 ± 5.3 485.3 ± 110.4 16.2 ± 5.8 0.02 

Grade 2 

(Moderate) 
45.2 ± 13.7 70.1 ± 20.2 16.8 ± 6.1 522.3 ± 125.5 17.8 ± 6.1 0.03 

Grade 3 (High) 56.8 ± 17.9 82.3 ± 24.8 17.4 ± 6.9 585.7 ± 135.3 20.1 ± 7.5 0.01 

Tumor Stage 

Stage I (Early) 43.3 ± 14.4 68.2 ± 21.1 15.6 ± 5.5 510.4 ± 120.9 18.1 ± 6.2 0.04 

Stage II 

(Intermediate) 
49.1 ± 16.3 74.0 ± 23.4 16.3 ± 5.9 540.9 ± 128.7 18.5 ± 6.5 0.02 

Stage III 

(Advanced) 
58.3 ± 19.2 85.6 ± 26.2 18.1 ± 7.3 600.2 ± 140.0 21.3 ± 8.0 0.01 

Tumor Classification 

Invasive Ductal 

Carcinoma 
52.4 ± 16.8 76.4 ± 22.0 16.6 ± 6.3 563.0 ± 130.0 19.2 ± 7.1 0.03 

Invasive 

Lobular 

Carcinoma 

47.1 ± 14.2 70.5 ± 19.8 15.9 ± 5.8 530.7 ± 118.4 18.4 ± 6.3 0.05 

Other Types 55.2 ± 17.5 80.3 ± 24.3 17.2 ± 6.7 575.4 ± 134.5 20.7 ± 7.9 0.02 
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Discussion  

The levels of IL-6, TNF-α, MCP-1, and 

leptin were significantly higher in patients, 

while IL-10 showed no statistically significant 

difference. A moderate correlation was 

observed between IL-6, TNF-α, and MCP-1 

with disease severity, whereas IL-10 exhibited 

a weak association, and no significant 

longitudinal changes were noted, aligning with 

previous findings
19,20

. Adipose tissue is 

increasingly recognized as a key contributor to 

breast cancer etiology, supported by evidence 

linking obesity to an elevated risk of 

postmenopausal breast cancer. Additionally, 

adipose tissue provides a critical 

microenvironment for tumor survival, 

independent of BMI. The chronic low-grade 

inflammation observed in obesity is 

characterized by the secretion of adipocyte-

derived factors that can directly alter metabolic 

pathways and promote mutations or indirectly 

influence tumor progression by recruiting 

inflammatory cells
21

. Despite immune 

infiltration, these cells fail to suppress tumor 

growth and instead facilitate immune evasion 

by upregulating specific receptors in cancer 

cells, preventing effective immune 

surveillance
22

. While tumor microenvironment 

alterations are often perceived as localized 

events, systemic inflammatory effects mediated 

by adipose tissue can originate from distant 

sites, reinforcing the obesity-cancer link 

through low-grade inflammation and adipokine 

activity, particularly IL-6 and TNF-α
23

. Breast 

adipocytes secrete inflammatory mediators, 

while visceral and subcutaneous fat release 

factors regulating oxidative stress, with 

emerging evidence suggesting 

intercommunication between adipose tissue 

depots via exosomal signaling
24

. Extracellular 

vesicles, notably thrombospondin-5 (TSP-5), 

contribute to the epithelial-mesenchymal 

transition in breast adipocytes, facilitating 

tumor proliferation and dissemination
25

. 

Obesity-driven alterations in breast tissue 

involve cancer-associated fibroblasts, which, 

upon activation by adipokines, modify the 

extracellular matrix to support malignant 

adipocyte expansion, as demonstrated in co-

culture studies with subcutaneous adipose 

cells
26

. Notably, metabolically active visceral 

fat correlates with poorer recurrence-free 

survival, with clinical trials confirming the 

adverse impact of visceral obesity on breast 

cancer prognosis
27

. Leptin, beyond its 

endocrine role, exerts pro-tumorigenic effects 

via the LEPR receptor, primarily expressed in 

breast cancer cells, activating PI3K/AKT and 

JAK/STAT pathways to promote proliferation 

and inhibit apoptosis through Bcl-2 and Bax 

regulation, while also enhancing angiogenesis 

via VEGF secretion 
28

. Although meta-

analyses, including that by Niu et al., support a 

positive correlation between leptin and breast 

cancer risk
29

, conflicting findings exist. Leptin 

levels are significantly higher in ER+ than ER− 

tumors, with studies linking its expression to 

estrogen signaling, where inhibition of the 

estrogen receptor decelerates the cell cycle and 

induces autophagy
30

. Leptin can also 

transactivate estrogen receptors through MAP-

kinase signaling
31

, and its levels are notably 

elevated in patients with lymph node metastasis 

and in postmenopausal women compared to 

premenopausal counterparts
32

. Recent studies 

suggest that obesity negatively impacts breast 

cancer outcomes independent of menopausal 

status, tumor size, or hormonal factors, with 

inflammatory cytokines like IL-6 playing a 

central role. IL-6 facilitates interactions 

between preadipocytes and ductal carcinoma 

cells, promoting early tumor progression
33,34

. 

IL-6 is a key driver of tumor growth, with its 

deregulated signaling supporting adhesion, 

migration, and proliferation 
35

. Elevated IL-6 in 

breast tumors enhances Jagged-1 expression, 

fostering cell proliferation and aggressive 

phenotypes while simultaneously decreasing 

apoptosis and stimulating angiogenesis. 

Notably, IL-6Rα overexpression has been 

linked to breast cancer cell survival
36

. High IL-

6 levels in metastatic breast cancer may 

contribute to chemotherapy resistance, 

particularly against paclitaxel. Research into 

adipocyte-cancer interactions highlights IL-6's 

role in upregulating PLOD2 and activating 

JAK/STAT3 and PI3K/AKT pathways, driving 

cancer progression. In triple-negative breast 

cancer (TNBC), IL-6 and IL-8 inhibition 

significantly reduced tumor growth in vitro and 

in vivo
37

. Chronic inflammation is a hallmark 

of cancer, and while some reports suggest 

TNF-α induces apoptosis in certain breast 

cancer subtypes, most studies indicate that 

TNF-α primarily regulates tumor cell growth, 

survival, and progression, with variations 
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possibly linked to TNFR expression levels, 

Bcl-2 family interactions, caspase activity, or 

ceramide signaling
38,39

. Obese breast cancer 

patients exhibit elevated MCP-1 and GROα 

levels, particularly in TNBC, where MCP-1 

promotes metastasis. Our findings highlight 

that breast cancer cells, especially TNBC 

subtypes, produce substantial MCP-1, which 

enhances cellular invasiveness via the p44/42 

MAPK pathway without affecting 

proliferation, suggesting MCP-1 as a potential 

TNBC biomarker
40

. 

 
Conclusion 

The results indicate that IL-6, TNF-α, 

MCP-1, and leptin levels were significantly 

higher in breast cancer patients than in healthy 

controls, reinforcing the role of inflammation 

and lipid metabolism in disease progression. 

IL-6, TNF-α, and MCP-1 were positively 

correlated with disease severity, suggesting 

their involvement in tumor microenvironment 

alterations and systemic inflammatory 

responses. These findings align with previous 

studies linking adipokines to breast cancer risk, 

particularly in obese individuals, where chronic 

inflammation and oxidative stress contribute to 

disease progression. Additionally, our study 

highlights the prognostic potential of IL-6 and 

MCP-1, as their levels showed a strong 

association with survival outcomes. These 

biomarkers could serve as valuable tools for 

assessing disease severity and guiding targeted 

therapeutic approaches. 
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  نشـرة العـلوم الصيدليــــــة
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