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Abstract

Breastcancer isamajor health burden, and the identification of reliable biochemicaland tumor-related biomarkers
may improve disease detection and characterization. This study evaluated serum CA 15-3, CA 125,
malondialdehyde (MDA), hematological parameters, and glycated hemoglobin (HbA1c) in breast cancer patients
compared with healthy controls, with additional assessment of biomarker correlations and diagnostic
performance. Sixty breast cancer patients and 60 healthy controls were evaluated. Demographic characteristics,
serum tumor markers, MDA, complete blood count parameters, HbA1c, and fasting glucose were determined.
Pearson correlation analysis was performed to investigate associations among biomarkers, while receiver
operating characteristic (ROC) curve analysis was used to assess their diagnostic accuracy individually and in
combination. Breast cancer patients showed significantly higher serum CA 15-3 (58.4 + 32.7 vs. 12.8 + 5.3 U/mL)
and CA 125(42.6 £28.4 vs. 14.2 6.1 U/mL)concentrations than controls (p<0.001). MDA levels were also markedly
elevatedin patients (8.94 £3.12 vs. 3.18 + 1.05 nmol/mL, p<0.001), with significantly higher concentrations in stage
I1I-1V disease than stage |-l disease. Significanthematological alterationsincluded reduced hemoglobin, RBC, and
hematocritand increased WBC and platelet counts (p<0.001). HbA1c and fasting glucose were significantly higher
in breast cancer patients than controls (6.42 = 1.28% vs. 5.28 = 0.62% and 108.4 = 24.6 vs. 89.2 = 12.8 mg/dL,
respectively; p<0.001). CA 15-3 was strongly correlated with CA 125 (r=0.682, p<0.001) and MDA (r=0.548,
p<0.001), while MDA was negatively correlated with hemoglobin (r=-0.436, p<0.01). ROC analysis demonstrated
good diagnostic performance for CA 15-3 (AUC=0.892), MDA (AUC=0.864), and CA 125 (AUC=0.798). The combined
CA 15-3 + MDA panel achieved an AUC of 0.934, whereas the four-biomarker panel (CA 15-3 + CA 125 + MDA +
HbA1c) demonstrated the highest diagnostic accuracy (AUC=0.956), with 91.7% sensitivity and 93.3% specificity.
Breast cancer was associated with increased tumor marker concentrations, oxidative stress, hematological
disturbances, and altered glycemic status. The strong associations among CA 15-3, CA 125, MDA, and HbA1c,
together with the superior diagnostic performance of the combined biomarker panel, suggest that a multimarker
approach may provide greater diagnostic discrimination than individual biomarkers alone.
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Introduction

Breast cancer represents the most common malignancy affecting women globally and constitutes a significant public
health challenge in Libyaand the broader North Africanregion [1]. Accordingtothe LibyanNational Cancer Registry, breast
cancer accounts for approximately 25-30% of all cancer cases among Libyanwomen, with incidence rates showing an
upward trend over the past two decades[2]. Eastern Libya, comprising cities such as Benghazi, Al-Bayda, and Tobruk, has
reported substantialbreastcancer morbidity, necessitatingcomprehensive biomarkerresearchtoenhance early detection
and therapeutic monitoring [3]. The pathophysiology of breast cancer involves complex interactions between genetic
predisposition, hormonal influences, environmental factors, and metabolic disturbances. Tumor-associated antigens,
particularly carbohydrate antigen 15-3 (CA 15-3) and carbohydrate antigen 125 (CA 125), have emerged as valuable
serological biomarkersinbreast cancer management. CA15-3, aproduct ofthe MUC1 gene, isthe mostwidely used serum
marker for monitoring breast cancer progression and treatmentresponse. CA 125, traditionally associated with ovarian
malignancies, has also demonstrated elevated levelsin advanced breast cancer cases, particularlyin hormone receptor-
negative subtypes [4].

Oxidative stress, characterized by an imbalance between reactive oxygen species (ROS) production and antioxidant
defense mechanisms, plays a pivotalrole in breast carcinogenesis. Free radicals induce DNA damage, lipid peroxidation,
and protein modification, thereby promoting mutagenesis and tumorprogression [5]. Malondialdehyde (MDA), a stable end-
product of lipid peroxidation, serves as a reliable biomarker for assessing oxidative stress statusin cancer patients.
Hematological abnormalities are frequently observed in cancer patients due to bone marrow suppression, chronic
inflammation, and nutritional deficiencies [6]. Complete blood count (CBC) parameters provide essential information
regarding the patient's overall health status, immune function, and potential paraneoplastic syndromes [7]. Furthermore,
emerging evidence suggests a bidirectional relationship between diabetes mellitus and breast cancer, with elevated
glycated hemoglobin (HbA1c) levels potentially influencing cancer risk and prognosis through insulin resistance and
hyperglycemia-induced oxidative stress[8]. This studywas designed to comprehensively compare serum levels of CA 15-
3, CA 125, free radical activity (MDA), complete blood count parameters, and HbA1c between breast cancer patients and
healthy women in Eastern Libya, thereby contributing to the establishment of region-specific reference ranges and multi-
biomarker diagnostic panels.
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Methodology

This cross-sectionalcomparativestudy was conductedat the Department of Pathology and ClinicalLaboratories, Benghazi
Medical Center, and the Oncology Unit, Al-Jala Hospital, Benghazi, Eastern Libya, between January 2024 and December
2025. Atotalof 120 women aged 25-70 yearswere recruitedand divided intotwo groups: Group | (Breast Cancer Patients):
Sixty (60) women with histopathologically confirmed breast cancer, including 35 patients with invasive ductal carcinoma
(IDC), 15 with invasive lobular carcinoma (ILC), and 10 with mixed or other histological subtypes. Staging was performed
accordingto the TNM classification system (8th edition, AJCC). The group comprised 20 patientswith stage |-l disease and
40 patientswith stage lll-IV disease. Group |l (Healthy Controls): Sixty (60) age-matched healthy women with no history of
malignancy, autoimmune disorders, or chronic inflammatory diseases. Controls were recruited from routine health
screening programs and communityhealthcentersin Benghazi and surrounding areas. Exclusioncriteriaincluded: previous
chemotherapy or radiotherapy, concurrentmalignancies, acute infections, severe hepatic or renaldysfunction, pregnancy,
and known diabetes with poor glycemic control (HbA1c >10%).

Fastingvenousblood samples (10 mL)were collected inthe morningbetween 8:00 and 10:00 AM. Sampleswere distributed
as follows: 3 mLin EDTA tubes for CBC analysis, 3 mL in fluoride oxalate tubes for HbA1c, and 4 mL in plain serum tubes
for tumor markersand MDA assay. Serum was separated by centrifugationat 3000 rpm for 10 minutesand stored at -80°C
until analysis. CA 15-3 and CA 125 were measured using chemiluminescent microparticle immunoassay (CMIA) on the
Abbott Architecti2000SR analyzer (Abbott Laboratories, USA). The reference cutoffvalues were <30 U/mL for CA 15-3 and
<35 U/mL for CA 125. Serum MDA levels were determined using the thiobarbituric acid reactive substances (TBARS)
spectrophotometric method at 532 nm.

Results were expressed as nmol/mL. Complete blood count was performed using the Sysmex XN-1000 automated
hematology analyzer (Sysmex Corporation, Japan), includinghemoglobin (Hb), white blood cellcount (WBC), platelet count
(PLT), red blood cell count (RBC), hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin
(MCH), and red cell distribution width (RDW). HbA1c was measured by high-performance liquid chromatography (HPLC)
using the Bio-Rad D-100 analyzer (Bio-Rad Laboratories, USA). Values were reported as percentages accordingto NGSP
standards. Datawere analyzed using SPSSversion 26.0 (IBM Corp., USA). Continuousvariableswere expressedasmean
standard deviation (SD) and compared between groups using the independent samples t-test. Categorical variables were
analyzed using the Chi-square test. Pearson correlation coefficients were calculated to assess relationships between
variables. A p-value <0.05 was considered statistically significant. Receiver operating characteristic (ROC) curve analysis
was performed to evaluate the diagnostic performance of individualand combined biomarkers.

Results

Demographic and Clinical Characteristics

The demographic and clinicalcharacteristics of the study participantsare summarized inTable 1. No significant differences
were observed between the two groups regarding age, body mass index (BMI), or menopausal status (p>0.05), confirming
successfulmatching. The mean age of breast cancer patientswas48.6+ 9.2 years,comparedto47.3+8.8 yearsin healthy
controls. Among breast cancer patients, 58.3% were postmenopausal, and 41.7% were premenopausal. The majority of
patients (66.7%) presented with stage llI-IV disease, while 33.3% had early-stage (I-1l) disease.

Table 1. Demographic and Clinical Characteristics of Study Participants

Parameter Breast Cancer Group | Healthy Control Group p-value
(n=60) (n=60)
Age (years) 48.6+9.2 47.3+8.8 0.432
BMI (kg/m?) 27.8x4.5 26.4+3.9 0.067
Premenopausal, n (%) 25 (41.7%) 28 (46.7%) 0.589
Postmenopausal, n (%) 35(58.3%) 32(53.3%) 0.589
Family History of BC, n (%) 18 (30.0%) 4(6.7%) 0.001*
Stage llI-IV Disease, n (%) 40 (66.7%) — —

Serum Tumor Marker Levels

Serum CA 15-3 and CA 125 levels were significantly elevated in breast cancer patients compared to healthy controls. As
shown in Table 2, the mean CA 15-3 level in the breast cancer groupwas 58.4 = 32.7 U/mL, which was approximately 4.5-
fold higher than the control group (12.8 + 5.3 U/mL) (p<0.001). Similarly, CA 125 levels were significantly higher in breast
cancer patients (42.6 = 28.4 U/mL) compared to controls (14.2 = 6.1 U/mL) (p<0.001). The proportion of patients with
elevated CA 15-3 (>30 U/mL) was 61.7%, while elevated CA 125 (>35 U/mL) was observed in 45.0% of breast cancer
patients.
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Table 2. Comparison of Serum Tumor Marker Levels Between Groups

Tumor Marker Breast ((:::sc(;e)r Group | Healthy ((r,‘;c:el:)r)ol Group t-value p-value

CA15-3 (U/mL) 58.4+32.7 12.8+5.3 10.42 <0.001***

CA125(U/mL) 42.6+28.4 14.2+6.1 7.38 <0.001***
CA 15-3 Elevated, n (%) 37(61.7%) 2(3.3%) — <0.001***
CA 125 Elevated, n (%) 27 (45.0%) 3(5.0%) — <0.001***
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Figure 1. Comparison of Serum CA 15-3, CA 125, and MDA (Free Radical Marker) Levels Between Breast Cancer
Patients and Healthy Controls. Data are presented as mean = SD. ***p <0.001

Serum Malondialdehyde (MDA) Levels as a Marker of Free Radical Activity

Oxidative stress, as reflected by serum MDA concentrations, was markedly elevated in breast cancer patients. The mean
MDA level in the breast cancer group was 8.94 = 3.12 nmol/mL, representing a 2.8-fold increase compared to the healthy
controlgroup (3.18 = 1.05 nmol/mL) (p<0.001). Furthermore, MDA levels showed a positive correlationwith disease stage,
with stage IlI-IV patients exhibiting significantly higher MDA (10.42 + 3.58 nmol/mL) than stage I-ll patients (6.98 + 2.14
nmol/mL) (p<0.01). These findings indicate substantial lipid peroxidation and oxidative damage in breast cancer patients,
with progressive worsening in advanced disease stages.

Table 3. Comparison of Serum MDA Levels (Free Radical Marker) Between Groups

MDA Level Breast ((::::oe)r Group | Healthy (Cr:‘c:;:)r)olGroup tvalue | p-value
MDA (nmol/mL) 8.94+3.12 3.18+1.05 13.21 | <0.0071***
Stage I-IlMDA (nmol/mL) 6.98+2.14 — — —
Stagelll-IV MDA (nmol/mL) 10.42+3.58 — — —

Complete Blood Count (CBC) Parameters

Significant hematological alterations were observed in breast cancer patients compared to healthy controls (Table 4).
Hemoglobin levels were significantly lower in the breast cancer group (10.8 = 1.6 g/dL) compared to controls (12.6 = 1.1
g/dL) (p<0.001), with 46.7% of cancer patients presenting with anemia (Hb <11.0 g/dL). White blood cell count was
significantly elevated in breast cancer patients (8.92 + 2.84 x10%/uL) compared to controls (6.45 = 1.62 x10%/pL ) (p<0.001),
suggestingan inflammatory response. Platelet count was also significantly higherin the cancer group (328.4 % 89.6 x10%/uL
vs. 248.6 £62.3 ><103/|,| L; p<0.001), consistent with paraneoplastic thrombocytosis.

Table 4. Comparison of Complete Blood Count Parameters Between Groups

CBC Parameter Breast (('.::::(;-:)r Group | Healthy ((;qugzl')olGroup t-value p-value
Hb (g/dL) 10.8+1.6 12.6£1.1 7.24 <0.001***
RBC (x10°/pL) 3.82+0.58 4.38+0.42 6.08 <0.0071***
WBC (x10%/pL) 8.92+2.84 6.45+1.62 5.93 <0.0071***
PLT (x10°/pL) 328.4+89.6 248.6 +62.3 5.72 <0.0071***
HCT (%) 34.2+5.1 39.8+3.6 7.01 <0.0071***
MCV (fL) 89.6+6.2 90.8+5.4 1.14 0.257
MCH (pg) 28.4+3.1 28.8+2.6 0.78 0.438
RDW (%) 14.2+1.8 13.6x1.4 2.04 0.044*
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Figure 2. Comparison of Complete Blood Count Parameters Between Breast CancerPatients and Healthy Controls.
Data are presented as mean £ SD. ***p <0.001

Glycated Hemoglobin (HbA1c) Levels

HbA1c levels were significantly elevated in breast cancer patients compared to healthy controls. As presented in Table 5,
the mean HbA1c in the breast cancer group was 6.42 = 1.28%, compared t05.28 = 0.62% in the control group (p<0.001).
Notably, 31.7% of breast cancer patients had HbA1c levels in the prediabetic range (5.7-6.4%), and 16.7% had diabetic-
range HbA1c (=6.5%), whereas only 15.0% and 3.3% of controls fell into these categories, respectively. These findings
suggest a potential metabolic dysregulation associated with breast cancer pathogenesis in this population.

Table 5. Comparison of HbA1c Levels and Glycemic Categories Between Groups

HbA1c Parameter Breast Cancer Group Healthy ControlGroup | t/x° p-value
(n=60) (n=60)

HbA1c (%) 6.42+1.28 5.28+0.62 1=6.18 <0.001***

Normal (<5.7%), n (%) 31(51.7%) 49 (81.7%) Xx°=10.84 | 0.001**

Prediabetic (5.7-6.4%),n (%) | 19(31.7%) 9(15.0%) — —

Diabetic (26.5%), n (%) 10(16.7%) 2 (3.3%) — —

Fasting Glucose (mg/dL) 108.4+24.6 89.2+12.8 t=5.42 <0.001***
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Figure 3. (Left)HbA1c Distributionin Breast CancerPatients Showing Prediabetic and Diabetic Categories. (Right)
MDA Levels by Disease Stage, with HbA1c Distribution in Healthy Controls (inset). **p <0.01

Correlation Analysis

Pearson correlation analysis within the breast cancer group revealed several significant associations (Table 6). CA 15-3
showed a strong positive correlation with CA 125 (r=0.682, p<0.001) and MDA (r=0.548, p<0.001), indicating concurrent
elevation of tumor burdenand oxidative stress. MDA levels were negatively correlated with hemoglobin (r=-0.436, p<0.01)
and positively correlated with WBC count (r=0.412, p<0.01). HbA1c demonstrated moderate positive correlations with CA
15-3 (r=0.384, p<0.01) and MDA (r=0.356, p<0.05), suggesting a link between metabolic dysregulation and tumor
progression.
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Table 6. Pearson Correlation Coefficients Among Studied Parameters in Breast Cancer Patients (n=60)

Variable | CA 15-3 CA125 MDA Hb HbA1c
CA125 | r=0.682*** — — — —
MDA r=0.548*** | r=0.421** — — —
Hb r=-0.298* r=-0.256 | r=-0.436** — —
WBC r=0.324* r=0.298* | r=0.412** =-0.368* —
HbA1c r=0.384** | r=0.312* r=0.356* r=-0.284 —
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Figure 4. Pearson Correlation Matrix Heatmap Among Studied Parameters in Breast Cancer Patients (n=60). Color
intensity represents correlation strength (red: positive, blue: negative). *p <0.05, **p <0.01, ***p <0.001

Diagnostic Performance and ROC Curve Analysis

Receiver operating characteristic (ROC) curve analysiswas performedto evaluate the diagnostic accuracyofindividualand
combined biomarkers in distinguishing breast cancer patients from healthy controls (Table 7). CA 15-3 demonstrated the
highest individualdiagnostic performance with an area underthe curve (AUC) of 0.892 (95% CI: 0.834-0.950), followed by
MDA (AUC=0.864,95% Cl:0.802-0.926), CA125(AUC=0.798, 95% CI: 0.724-0.872), and HbA1c (AUC=0.742,95% CI: 0.662-
0.822). The combination of CA 15-3 + MDA yielded the best diagnostic accuracy (AUC=0.934, 95% CI: 0.888-0.980), while
the four-biomarker panel (CA 15-3 + CA 125 + MDA + HbA1c) achieved an AUC of 0.956 (95% CI: 0.918-0.994),
demonstrating superior sensitivity (91.7%) and specificity (93.3%) for breast cancer detection.

Table 7. ROC Curve Analysis for Individual and Combined Biomarkers

Biomarker/Panel AUC | 95%CI Cut-off Sensitivity (%) | Specificity (%)
CA15-3 0.892 | 0.834-0.950 | >28.5U/mL 78.3 88.3
CA125 0.798 | 0.724-0.872 | >32.0U/mL 65.0 83.3
MDA 0.864 | 0.802-0.926 | >5.20 nmol/mL | 81.7 85.0
HbA1c 0.742 | 0.662-0.822 | >5.85% 68.3 76.7
CA15-3+ MDA 0.934 | 0.888-0.980 | — 86.7 90.0
Four-BiomarkerPanel | 0.956 | 0.918-0.994 | — 91.7 93.3
Discussion

The present findings demonstrate a clear biochemicaland hematological disturbance among women with breast cancer,
characterized by increased tumor-associated biomarkers, oxidative stress, altered blood-cell parameters, and impaired
glycemic regulation. The marked elevation of CA 15-3 supportsits established role as a circulating biomarker associated
with breast cancer burden and disease monitoring. However, previous evidence indicates that CA 15-3 alone has limited
sensitivity and specificity for early diagnosisand is more appropriately interpreted alongside other clinicaland biochemical
parameters[9]. The elevation of CA 125 observed in the patients mayreflect broadertumor-associated biologicalchanges
and has been reported in association with disease characteristics and progression in some breast cancer populations.

Copyright Author (s) 2026. Distributed under Creative Commons CC BY 4.0
Received: 22-07-2026 - Accepted: 20-09-2026 - Published: 28-09-2026 3076


https://doi.org/10.54361/ajmas.269960

Algalam Journal of Medical and Applied Sciences. 2026;9(9):3072-3077
https://doi.org/10.54361/ajmas.269 960

Nevertheless, its diagnostic value remainsless established than CA15-3, supportingthe use of CA125asa complementary
rather than an independent biomarker [10]. The increased MDA concentrationindicates enhanced lipid peroxidation and
oxidative stress in breast cancer. This finding is consistent with previous studies showing increased oxidative damage in
breast carcinoma and supporting a role for reactive oxygen species in tumor development and progression. The greater
oxidative burdenobservedinadvanced disease furthersuggeststhat oxidative stress may increase withtumor progression
[11].

The hematological alterations, particularly reduced hemoglobin with increased white blood cell and platelet counts, may
reflectanemia and systemic inflammatoryortumor-associatedresponses. Such changesare biologically relevant because
inflammation and altered hematopoietic activity frequently accompany malignancy [12]. The observed relationship
between MDA and hematological parameters may also indicate an interaction between oxidative stress and systemic
inflammatory processes [13]. The elevation of HbA1c and fasting glucose suggests disturbed glucose metabolism among
the breast cancer patients. Increasing evidence supports an association between metabolic dysregulation,
hyperinsulinemia, and breast cancer biology, although the relationship is complex and does not establish causality.
Importantly, the correlationsbetweenCA15-3, CA 125, MDA, and HbA1c suggest that tumor-associated activity, oxidative
stress, and metabolic disturbances may occur concurrently. The superior diagnostic performance of the combined
biomarker panelfurther supports a multimarker approach, rather than reliance on a single biochemicalindicator. This is
consistent with the broader concept that integrating complementary circulating biomarkers may improve discrimination
between patients and healthy individuals, although these findings require validation in larger and independent cohorts
before clinical application [14].

Conclusion

This study demonstrates that breast cancer is associated with a distinct biochemical profile characterized by elevated
tumor-associated markers, increased oxidative stress, hematological alterations, and impaired glucose regulation. The
associationsamong CA15-3, CA 125, MDA, and HbA1c suggest aninteractionbetweentumor activity, oxidative imbalance,
and metabolic disturbances. Although individual biomarkers showed useful diagnostic potential, their combination
provided greater discriminatory performance. Therefore, a multimarkerapproach incorporating tumor, oxidative-stress,
and metabolic biomarkers may offer improved diagnostic value and warrants further validation in larger, independent
populations. These findings are consistent with the recognized potential of circulating biomarkers and oxidative-stress
indicatorsin breast cancer assessment, while emphasizing that serum markers should complement rather than replace
established clinical and pathological evaluation.
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