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Abstract

Introduction: Breast carcinoma is one of the most prevalent cancers in women, with its 
progression influenced by a complex interplay of genetic and environmental factors. This study 
aimed to investigate the association between resistin, mammaglobin, MUC1, CA153-, CEA, and 
AKT pathway activation in breast cancer development. Methods: A cross-sectional study design 
was performed in Iraq/ Medical City at Baghdad/ Oncology Teaching Hospital. All samples 
(105 samples of blood) were classified into 3 groups; each one contains 35 samples. Results: 
A serological analysis was conducted using ELISA to measure serum levels of key biomarkers. 
Malignant samples exhibited elevated concentrations of mammaglobin (mean: 3.74 ng/ml), 
resistin (mean: 4.195 ng/ml), CA153- (mean: 36.15 ng/ml), CEA (mean: 41.983 ng/ml), mucin1 
(mean: 33.45 ng/ml), and AKT (mean: 3.174 ng/ml). Conclusion: The findings suggest that a 
combined assessment of these tumor markers could enhance the prognosis, diagnosis, detection, 
and monitoring of breast cancer. Notably, CEA and MUC1 demonstrated superior sensitivity and 
specificity, positioning them as highly reliable biomarkers for clinical application.
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Introduction
Breast cancer (BC) is one of the most commonly diagnosed 
tumors in women, and after lung cancer is considered as the 
primary cause of mortality. There are several factors that af-
fect the risk of developing including age, gynecological and 
reproductive characteristics, smoking and physical activities 
and a positive family history [1-3]. Resistin is a cysteine-rich 
hormone-like protein (adipokine) encoded by the Resistin 
(RETN) gene. While it is primarily secreted by fat cells (adi-
pocytes) in rodents, in humans, it is mainly produced by im-
mune cells such as macrophages. There is evidence indicat-
ing the up regulation of retn gene in some patients suffering 
from BC and Poly Cystic Ovarian Syndrome (PCOS) [4]. 
The mammaglobin gene generates a protein in the same 
name (h-MAM) that is normally expressed at low levels in 
breast epithelium and in 80% of the breast carcinoma but it 
is absent in normal tissues. This elevated expression may be 
linked with tumor grade and stage, or hormone receptor sta-
tus. Mammaglobin is a protein known for its high specificity 
to mammary tissue, with significant over-expression in most 
mammary carcinomas—including aggressive triple-negative 
breast cancers (TNBCs). Due to its restricted expression in 
normal tissues and frequent upregulation in breast malignan-
cies, mammaglobin has emerged as a promising molecular 
target for breast cancer therapy.[5]. The cancer antigen 15-3 
(CA15-3), a member of the mucin-1 (MUC-1) glycoproteins 
family, is over-expressed in various cancers and is recog-
nized as a valuable tumor marker due to its altered glycosyl-
ation [6]. Carcino-Embryonic Antigen (CEA); increased lev-
els of carcino-embryonic antigen (CEA) in the blood a type 
of cell adhesion molecule are related to tumor metastasis. 
Monitoring CEA is valuable for assessing a patient’s future 
disease course, detecting disease progression early, and aid-
ing in the selection of appropriate therapeutic strategies for 
BC, in screening, observing the presence of disease, staging, 
and choosing treatment regimen of BC [7]. Mucin (MUC); 
Mucins are large, heavily glycosylated proteins produced by 
various secretory epithelial cells. MUC also referred to as 
cluster of differentiation 227 (CD-227), Overexpressed and 
abnormally glycosylated in human carcinomas contributing 
to tumor invasion and leading to poor prognosis. Addition-
ally rising levels of mucin-type glycoproteins in the serum 
are associated with increased tumor invasiveness in human 
[8].  Protein kinase B (AKT); protein kinase that could be 
activated by insulin and some growth factors functioning 
within the PI3 kinase pathway [9]. This study aims to eluci-
date the potential synergistic role of resistin, mammaglobin, 
MUC1, and the established tumor markers CA15-3 and CEA 
in breast cancer pathogenesis, with a specific focus on their 
relationship to aberrant AKT signaling. Given AKT’s central 
role in promoting oncogenic cell survival through the inhibi-
tion of apoptosis.
 
Material and Methods
Study Design: A cross-sectional study design was performed 

between March-2020 and September-2023 in Iraq/ Medical 
City at Baghdad/ Oncology Teaching Hospital. At the study 
setting breast cancer was diagnosed by the oncologist in the 
hospital depending on accurate results of mammography, cy-
tology and serology tests. 
The study targeted patients with breast cancer attending On-
cology Teaching Hospital for diagnosis, therapy and ongoing 
care. Adult women (>18 years) were included in the study. 
patients with other severe or chronic diseases and pregnant 
women were excluded. All patient samples were diagnosed 
via cytology and histopathological review by an oncologist. 
Groups were defined as: control, benign (fibroadenoma), and 
malignant (invasive ductal or lobular carcinoma). Subtypes 
were based on final histopathology. Tissues were promptly 
preserved in RNA Later Solution to stabilize nucleic acids. 
This is an exploratory pilot study with 35 samples per group, 
acknowledging the lack of prior power calculation as a limi-
tation.
The study variables included the stage and grade of cancer 
depending on TNM (Tumor, Nodes, and Metastasis) classi-
fication system determined by the oncologist, so we could 
classify the blood samples into 3 groups according to diagnos-
tic results; control, benign and malignant.
Data Sources and Measurements: By the use of a question-
naire data were collected from patients and volunteers re-
garding any factors which may have effect on study results. 
For avoidance of bias in sampling, samples were collected 
randomly depending on the socio-demographic data, level of 
education, occupation, and family history of breast cancer, 
clinical characteristics and some other details about duration 
of breast feeding.
Sample Size: All samples (105 samples of blood) have been 
collected from patients in Hospital. Samples were classified 
into 3 groups; each one contains 35 samples. This is an ex-
ploratory pilot study with 35 samples per group, acknowledg-
ing the lack of prior power calculation as a limitation.
The blood sample was collected (3 ml) in gel tube for cen-
trifugation. Then stored in freezing (-2°C). ELISA test was 
utilized in this study to measure the concentration of bio-
markers in serum samples. In this study, the following ELISA 
kits (Cusabio, China) were used for biomarker quantification: 
Human Mammaglobin (Catalog No. CSB-EL020817HU), 
Human Resistin-A (Catalog No. CSB-E06884h), Human 
Mammary Carcinoma Marker CA15-3 (Catalog No. CSB-
E04772h), AKT (Catalog No. CSB-EL001553HU), MUC1 
(Catalog No. CSB-EP015215HU), and Human Carcinoem-
bryonic Antigen (CEA) (Catalog No.CSB-E04767h). All 
samples were run in duplicate, and the mean values were 
used for statistical analysis The final results were analyzed 
by the use of ROC curve.
Statistical Analysis: Statistical analysis was performed us-
ing SPSS software, version 28.0 (Released 2021; IBM Corp. 
USA). Normality was assessed using the Shapiro–Wilk test. 
Group comparisons were performed using one-way ANOVA 
followed by Fisher’s LSD post-hoc test. Statistical signifi-
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cance was set at α = 0.05. ROC analysis was conducted using 
a non-parametric method, and the AUC with 95% confidence 
intervals was calculated.
Ethical Approval: Ethical Approval was obtained from the 
ethical committee in University of Baghdad (Ref: 8021; 
3-March-2021).
 
Results:
Evaluation the Concentrations of Mammaglobin by the use 

of Enzyme Linked Immuno Sorbent Assay: ELISA test was 
performed to determine mammaglobin level in serum sam-
ples of 35 BC patients, 35 women with benign tumor and 35 
healthy women as control using mammaglobin ELISA kit, 
which was able to detect mammaglobin in a range equal to 
0.078 – 20 ng/ml. The findings showed that mammaglobin 
level was increased in malignant group with mean of (3.74 
ng/ml) and (0.618 ng/ml) for benign samples and (0.534 ng/
ml) for control group (p<0.01) as showed in (Table 1).

Evaluation the Concentrations of Resistin by ELISA
The findings showed that Resistin level was increased in ma-
lignant group with mean of about (4.195 ng/ml) and (1.652 

ng/ml) in benign group and (1.475 ng/ml) in apparently 
healthy control group (p<0.01) as shown in (Table 2).

In this study the concentration of Resistin protein in malig-
nant group ranged between (1.55-14.8) ng/ml while it ranged 
between (1.348-2.225) ng/ml within benign group and ranged 
between (0.87-1.992) ng/ml in control group. Obesity con-
sidered a cancer risk factor, and in obese patients, the likeli-
hood of developing breast cancer may be related to increased 

estrogen levels resulting from aromatization in fat tissue. 
Evaluation the Concentrations of CA15-3 by ELISA
The findings showed that CA15-3 level was increased in ma-
lignant group with mean of about (36.15 ng/ml) and (27.08 
ng/ml) for benign group and (14.33 ng/ml) for control group 
(p<0.01) as shown below in (Table 3).
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Group Number Mean ± SD

(Mammaglobin)

Control Group 35 0.534±0.20b

Benign Group 35 0.618±0.24b

Malignant Group 35 3.74±2.37a

LSD Value --- 0.739 **

P-Value --- 0.0001

Different letters at the same column Means differed significantly.
**(P≤0.01).

Table 1: The mean of Mammaglobin serum levels in all groups.

Group Number Mean ±SD of Resistin

Control Group 35 1.475±0.28b

Benign Group 35 1.652±0.20b

Malignant Group 35 4.195±2.67a

LSD Value -- 0.657 **

P-Value -- 0.0001

Different letters at the same column Means differed significantly.
**(P≤0.01).

Table 2: The mean of Resistin levels in serum of all groups.
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In current study the CA15-3 protein level in malignant group 
range is about (27.45- 69.5) ng/ml while it ranged between 
(11.9- 51.59) ng/ml in benign group and ranged between 
(8.01- 20.1) ng/ml in control group. Clinical evidence dem-
onstrates that elevated CA15-3 levels are present in most 
metastatic breast cancer (BC) cases, while only a small subset 
of early-stage/localized cancer patients show such increases. 

Estimation of CEA Levels by ELISA
ELISA test was performed to estimate the carcinoembryonic 
Antigen (CEA) levels in serum samples of 35 patients, 35 
women with benign tumor and 35 control using “CEA ELI-
SA” kit, The findings showed that its levels was increased 
in malignant group with mean of about (41.983 ng/ml) and 
(16.442 ng/ml) benign group and (11.367 ng/ml) in control 
group (p<0.01) as shown below in (Table 4).

Estimation of MUC1 Levels by ELISA
 ELISA test was performed to estimate Mucin1 levels in se-
rum samples of 35 BC patients, 35 women with benign tu-
mor and 35 healthy women as control group using “Mucin1 

ELISA kit”, The findings showed that Mucin1 levels were 
increased in malignant group with mean of about (33.45 ng/
ml) and (5.56 ng/ml) benign group and (2.81 ng/ml) for con-
trol group (p<0.01) as shown in (Table 5).

Estimation of AKT Levels by ELISA
ELISA test was performed to determine Protein Kinase 
B(AKT) levels in samples of 35 BC patients, 35 women with 
benign tumor and 35 control using “AKT ELISA kit”, The 

findings showed that AKT level was increased in malignant 
group with mean of about (3.174ng/ml) and (2.237ng/ml) 
benign group and (1.510 ng/ml) control group (p<0.01) as 
shown in (Table 6).
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Group Number Mean ± SD of CA15-3
Control Group 35 14.33 ± 4.13c
Benign Group 35 27.08±9.02b

Malignant Group 35 36.15±11.13a
LSD Value -- 4.083 **

P-Value -- 0.0001

Table 3: The mean of CA15-3 serum levels in all groups.

Table 4: The mean of CEA serum levels in all groups.

** (P≤0.01).

Group Number Mean ± SD of CEA

Control Group 35 11.367 ±0.54 b

Benign Group 35 16.442 ±0.81 b
Malignant Group 35 41.983 ±2.51 a

LSD Value -- 5.771 **
P-Value -- 0.0001

Different letters at the same column Means differed significantly.
** (P≤0.01).

Group No. Mean ± SD of MUC1
Control Group 35 2.81 ±0.08 b

Benign Group 35 5.56 ±0.32 b

Malignant Group 35 33.45 ±1.89 a

LSD Value -- 4.062 **

P-Value -- 0.0001 **
Different letters at the same column Means differed significantly.

** (P≤0.01).

Table 5: The mean of MUC1 serum levels in all groups
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4.2.8 Comparison of ROC curves for six biomarkers
The preceding figures illustrate the receiver-operating char-
acteristic (ROC) curves for the six analyzed parameters. 
These ROC curves were constructed using Graph ROC 
software (Windows version), with the corresponding areas 
under the curve (AUCs) computed to evaluate diagnostic 
performance and enable pairwise comparisons between in-
dividual parameters’ AUC values. Fig ‎1 is representing the 
graph which is a bar chart comparing the concentration of six 
biomarker in control, benign and malignant groups; AKT, 
CA15-3, CEA, Mammaglobin, MUC1 and Resistin. Fig 2 
presents the specificity (SP) and sensitivity (SE) values for 
all analyzed parameters. The results demonstrated that CEA 

and MUC1 exhibited the highest combined sensitivity and 
specificity among all evaluated markers in the total cancer 
cohort. The ROC curve graphically represents the inverse 
relationship between diagnostic sensitivity and specificity. 
The area under the ROC curve (AUC) serves as an indica-
tor of a tumor marker’s diagnostic performance and clinical 
value. An AUC of 0.5, represented by the diagonal reference 
line on the ROC plot, indicates a complete lack of discrimi-
natory power between affected and unaffected individuals. 
The study refers to these tumor markers in combination may 
be a useful way for prognosis, detection and also follow up 
of BC. CEA and MUC1 are the best markers in their sensi-
tivity and specificity. (Table 7) [28,29]. Fig ‎2: Representing 
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Table 6: The mean of AKT serum levels in all groups

Group Number Mean ± SD of AKT

Control Group 35 1.510 ± 0.07 b

Benign Group 35 2.237 ± 0.17 ab

Malignant Group 35 3.174 ± 0.22  a

LSD Value -- 1.173 **

P-Value -- 0.0095
* Different letters at the same column Means differed significantly. 

** (P≤0.01).

Figure 1: the graph above is a bar chart comparing the concentration of six biomarker in control, benign and malignant 
groups; Mammaglobin, Resistin, CA15-3, CEA, MUC1 and AKT (Graph Pad Prism 9.3.1(47).
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Receiver Operator Characteristics curve (ROC) for distin- guishing between Studied Groups. 

Marker AUC (95% CI) – Benign AUC (95% CI) – Malignant

Resistin 0.678 (0.550–0.790) 0.967 (0.910–0.990)
Mammaglobin 0.560 (0.430–0.680) 1.000 (0.950–1.000)

CA15-3 0.904 (0.850–0.950) 1.000 (0.960–1.000)
MUC1 0.997 (0.960–1.000) 1.000 (0.970–1.000)
CEA 0.999 (0.970–1.000) 1.000 (0.980–1.000)

AKT
0.986 (0.940–1.000)
1.000 (0.960–1.000)

Table 7: Comparison of Area Under the ROC Curve (AUC)(95% CI) Values of Six Serum Biomarkers in Differentiating 
Benign and Malignant Cases.

Figure 2: Receiver Operator 
Characteristics curve (ROC) 
for distinguishing between 
Studied Groups. Concen-
tration of six biomarker 
in benign and malignant 
groups; CEA, MUC1, AKT, 
and CA15-3 show almost 
perfect separation (AUC ≈ 
1), demonstrating excellent 
diagnostic performance. 
Mammaglobin shows 
weaker performance in 
benign vs malignant dis-
crimination (AUC closer to 
0.5–0.6). Resistin performs 
moderately well (AUC 
≈ 0.67 for benign, ≈0.97 
for malignant). Thus, the 
figure highlights that CEA, 
MUC1, AKT, and CA15-3 
are the most reliable serum 
biomarkers for distin-
guishing malignant cases, 
whereas Mammaglobin 
and Resistin provide lower 
diagnostic accuracy. X-axis: 
Specificity (False Positive 
Rate) Y-axis: Sensitivity 
(True Positive Rate).
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Discussion:
Mammaglobin have been identified as a stable and potential-
ly important noninvasive biomarker for BC, based on a com-
parative analysis using ELISA test to measure serum levels 
of mammaglobin in both BC patients and healthy control [10; 
11]. The concentration of mammaglobin significantly in-
creases during breast cells proliferation, with production 
ceasing when breast epithelial cells differentiate, a process 
also seen during lactation. This indicates that mammaglobin 
synthesis plays a role in the proliferation of epithelial breast 
cells, which may explain its overexpression in BC [12]. An-
other study has provided strong evidence proving that some 
mammaglobin proteins are associated with the membrane. 
Based on the finding that human mammaglobin possibly ex-
ists on the surface of BC cells, Li and Zhang (2016) suggest 
that the presence of membrane-associated mammaglobin 
could be a valuable molecular target for future development 
of therapeutic tools [13]. Elevated serum resistin levels have 
been associated with enhanced tumor progression and re-
duced survival in breast cancer (BC), particularly among 
obese individuals. Clinical studies indicate that postmeno-
pausal BC patients exhibit significantly higher circulating 
resistin concentrations compared to both premenopausal BC 
patients and cancer-free postmenopausal controls, suggesting 
a potential role of resistin in obesity-associated BC pathogen-
esis.[14]. Emerging evidence suggests that resistin may func-
tion as a valuable diagnostic and prognostic biomarker in 
breast cancer, given its association with tumor progression 
and poor clinical outcomes. [15]. Resistin has been associat-
ed with an increased risk of progression, angiogenesis and 
metastasis in different cancer models including breast cancer. 
It also plays a role in chemoresistance and stemness induc-
tion in breast cancer. A study involved (80) BC patients and 
(50) healthy controls revealed higher resistin levels com-
pared to healthy individuals. Clinical studies demonstrate a 
significant association between elevated serum resistin levels 
and lymph node metastasis in breast cancer patients. These 
findings suggest resistin’s potential role as an independent 
risk factor in breast cancer progression. [16, 17 and 30, 31]. 
In the context of metastasis, which is a leading cause of can-
cer-related deaths, resistin has been shown to be elevated in 
postmenopausal BC patients with distant metastasis. In BC 
cells, resistin promotes the phosphorylation of key proteins 
(such as c-src, PP2A, and PKCα) and increases the expres-
sion of vimentin, all of which facilitate cell invasion and me-
tastasis [18]. A comprehensive meta-analysis established that 
both CA15-3 and CEA serve as significant prognostic bio-
markers for poor Disease-Free Survival and Overall Survival 
when irregular levels were observed in BC patients. Elevated 
CA15-3 and CEA were closely associated with age and tu-
mor size [19]. It’s not yet clear how CA15-3 have the ability 
of prognosis in BC, but there is some evidence that it could 
be related to the structure; The biological function of CA15-
3, as a soluble form of MUC1 (a non-gel-forming mucin), 
may underlie its clinical significance in breast cancer pro-

gression. Mechanistic studies suggest that CA15-3 contrib-
utes to tumor aggressiveness through multiple pathways: Im-
mune Evasion – By masking tumor-associated antigens, it 
helps cancer cells avoid immune surveillance and destruc-
tion. Metastatic Promotion – CA15-3 interacts with mem-
brane receptors, activating pro-migratory signaling pathways 
that enhance cancer cell invasion and dissemination. Tumor 
Microenvironment Modulation – Its presence may facilitate 
cell-adhesion changes, supporting metastatic niche forma-
tion.[20]. CA15-3 has emerged as the most widely utilized 
circulating tumor marker in breast cancer (BC), with its clin-
ical utility stemming from a strong correlation with disease 
burden. Key observations include: Tumor Burden Associa-
tion and Disease Stage Specificity. Furthermore, patients who 
had elevated CA15-3 levels before tumor resection were 
more likely to experience increased levels of CA15-3 at the 
time of recurrence. The changes in CA15-3 levels are closely 
related to the clinical response to treatment and survival ben-
efit especially in metastatic BC of Luminal subtypes rather 
than the initial CA15-3 levels. Consequently, measuring 
CA15-3 levels at regular intervals after the initiation of sys-
temic therapy has shown as effective as medical imaging at a 
lower cost, potentially allowing it to predict clinical respons-
es and serve as an alternative to imaging technologies such as 
CT scan, PET, and MRI [21; 22].	 Serum tumor markers 
commonly used in breast cancer (BC) include carcinoembry-
onic antigen (CEA). Some studies suggest that CEA is not a 
reliable predictor in primary or metastatic BC [26], while 
others report that elevated CEA levels are associated with 
poor prognosis [27]. These inconsistencies may be attributed 
to factors like small sample sizes, differing study designs, or 
biases in individual studies. Elevated serum tumor marker 
levels typically reflect a higher tumor burden, which is linked 
to larger tumor size, lymph node involvement, and poorer 
survival outcomes in breast cancer (BC). The study results 
showed that rising levels of biomarkers like CA15-3 and 
CEA were strongly correlated with tumor progression and 
advanced TNM staging. Specifically, higher levels of these 
markers were observed in cases of larger tumors, positive 
lymph node metastasis, and advanced TNM stages, suggest-
ing a direct relationship between elevated tumor biomarker 
levels and overall tumor load. Mucin1 (MUC1), a transmem-
brane glycoprotein frequently dysregulated in cancers, en-
hances the invasiveness and metastatic potential of adenocar-
cinomas by disrupting cell-cell and cell-extracellular matrix 
adhesion. It serves as a prognostic biomarker in both early 
and advanced breast cancer (BC). Most studies evaluating 
MUC1 in non-metastatic BC patients have analyzed blood 
samples collected prior to surgery. However, one study dem-
onstrated that post-surgical (but pre-chemotherapy) MUC1 
levels offer additional prognostic insights beyond conven-
tional clinical factors, whereas post-chemotherapy measure-
ments did not provide further predictive value compared to 
pre-treatment levels [20]. In addition to its prognostic utility 
and therapeutic potential in cancer, MUC1 plays a key role in 
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immune regulation, including infection defense, inflamma-
tion modulation, and T-cell regulation as a checkpoint mole-
cule. The association between low MUC1 expression and 
adverse outcomes in node-positive patients with advanced-
stage tumors (pT3/4) may stem from impaired immune regu-
latory functions. Diminished co-stimulatory and co-inhibito-
ry signaling by MUC1 could disproportionately impact 
patients with lymph node metastasis and aggressive disease. 
While large-scale analyses revealed no prognostic relevance 
of MUC1 in node-negative cases, a significant correlation 
was observed in node-positive cohorts [23]. However, these 
findings should be interpreted with caution due to the risk of 
overfitting associated with our relatively small sample size. 
The Akt/protein kinase B (PKB) Akt is a key regulator of cell 
survival. A significant increase in Akt kinase activity has 
been observed in 30% to 40% of breast cancer (BC) samples. 
Constitutive activation of Akt and other components in the 
Akt pathway is seen in both early-stage (in situ) breast carci-
noma and invasive breast cancer. Importantly, Akt activation 
contributes to resistance to anti-estrogen therapies like 
tamoxifen, a key drug for hormone receptor-positive breast 
cancer, and plays a role in resistance to chemotherapy and 
radiation treatments [24]. Given its role in breast cancer pro-
gression and treatment resistance, Akt is considered a prom-
ising target for new therapeutic strategies. The PI3K/Akt/
mTOR signaling pathway is commonly activated in breast 
cancer, driven by membrane receptors such as IGF and EGF 
receptor family members. Dys-regulation of this pathway is 
closely linked to tumor progression and resistance to conven-
tional treatments, making it a central focus in efforts to over-
come drug resistance [9, 25].
Conclusion
The present study demonstrates that these tumor markers in 
combination may be a useful way for detection BC. The six 
biomarkers AKT, CA15-3, CEA, Mammaglobin, MUC1, and 
Resistin show promise in differentiating between control, be-
nign, and malignant breast conditions. They may aid in early 
detection, screening, prognosis, treatment monitoring, and 
follow-up. CEA and MUC1 are the predictive markers in 
their sensitivity and specificity. These findings highlight their 
potential as complementary tools in comprehensive breast 
cancer care. To establish them as reliable clinical tools, ex-
ternal validation in larger, prospective cohorts is an essential 

next step.
Study Limitations: This study is limited by its single-center 
design and moderate sample size, which may restrict the gen-
eralizability of our findings. The lack of long-term follow-
up prevents assessment of outcome durability or late effects, 
while the absence of molecular subtype stratification repre-
sents a key constraint in understanding the impact of tumor 
biology.
Author Declarations
Acknowledgment
The authors would like to acknowledge the participants from 
the Oncology Teaching Hospital, Medical City, Baghdad, 
Iraq, and thank the Iraq Ministry of Health and Ministry of 
Higher Education and Scientific Research and all the organi-
zations that participated in this study. We also would like to 
express our thanks and appreciation to all the volunteers in 
this study who have given their samples for the purpose of 
conducting this research and wish them a speedy recovery. 
Funding Statement
No external funding agencies were involved in this study.
Conflict of interest
The authors affirm no conflicts of interest concerning this 
publication. This research was solely supported by funding 
from Dr. Khadija Abbas Sahan. The authors further confirm 
the absence of any financial or personal affiliations that could 
be perceived as influencing the findings presented in this 
work.
Ethics Statement
This study was conducted in accordance with ethical stan-
dards and approved by the Ethical Committee of the Univer-
sity of Baghdad (Approval No.: 8021; Date: 3 March 2021). 
All procedures involving human participants were performed 
in accordance with institutional and international ethical 
guidelines.
Consent for Publication
All participants provided informed consent for the use of 
their data for research and publication purposes.
Data Availability Statement
The data supporting the findings of this study are available 
from the corresponding author upon reasonable request.
Author Contributions
All authors contributed equally to the study. All authors have 
read and approved the final version of the manuscript.

ROC curve analysis of biomarkers in BC

1.	 Shakir N. Evaluating the Level of Some Antioxidants and C-Re-
active Activators Protein in a Sample of Iraqi Women with Breast 
Cancer: Level of Antioxidants in Women with Breast Cancer. Iraqi 
Journal of Cancer and Medical Genetics. 2024 Jun 1;17(1):51-6.

2.	 Diao S, Wu X, Zhang X, Hao Y, Xu B, Li X, Tian L, Miao Y, Zhao 
X, Ye F, Li J. Obesity-related proteins score as a potential marker 
of breast cancer risk. Scientific Reports. 2021 Apr 15;11(1):8230.

3.	 Shoeib SM, Elsharaby RM, Elakshar S, El-Gohary RM, Zamzam 
YA. RETN gene polymorphisms and serum resistin levels in pa-
tients with breast cancer. Egyptian Journal of Cancer and Bio-

medical Research. 2024 Dec 1;8(4):1-0.
4.	 Borri F, Granaglia A. Pathology of triple negative breast cancer. 

In Seminars in cancer biology 2021 Jul 1 (Vol. 72, pp. 136-145). 
Academic Press.

5.	 Ricks-Santi LJ, Fredenburg K, Rajaei M, Esnakula A, Naab T, 
McDonald JT, Kanaan Y. Characterization of GATA3 and Mam-
maglobin in breast tumors from African American Women. Re-
search Square. 2023 Jan 25:rs-3.

6.	 Duffy MJ, Evoy D, McDermott EW. CA 15-3: uses and limitation 
as a biomarker for breast cancer. Clinica chimica acta. 2010 Dec 

REFERENCE



59Volume 18 - Number 2 (Dec 2025)ijcmg.uomustansiriyah.edu.iq

ROC curve analysis of biomarkers in BC

14;411(23-24):1869-74.
7.	 Zhang Y, Zhao J, Wang Y, Cai W, Zhang X, Li K, Liu W, Zhao Y, 

Kang H. Changes of tumor markers in patients with breast cancer 
during postoperative adjuvant chemotherapy. Disease Markers. 
2022;2022(1):7739777.

8.	 Jarallah SA, Al-Fartusie FS, Zgeer DS. Evaluating the level of 
trace elements in Iraqi women Genetics with early-stage breast 
cancer. Iraqi Journal of Cancer & Medical Genetics. 2024 Jan 
1;17(1).

9.	 Dong C, Wu J, Chen Y, Nie J, Chen C. Activation of PI3K/AKT/
mTOR pathway causes drug resistance in breast cancer. Frontiers 
in pharmacology. 2021 Mar 15;12:628690.

10.	 Fatima M, Baba KS, Sreedevi NN, Kumar JP, Raju GS, Uppin 
SG, Bhaskar MV, Khan SA, Iyyapu KM, Noorjahan M. Evalua-
tion of Serum Mammaglobin as an Alternative Biomarker in the 
Diagnosis of Breast Tumors. Journal of Laboratory Physicians. 
2023 Mar;15(01):020-4.

11.	 Patel A, Shah S. Noninvasive biomarkers: Emerging trends in 
early detection of breast cancer. Breast cancer: From bench to 
personalized medicine. 2022 May 15:125-43.

12.	 Gallucci G, Massa E, Funes CC, Tozzini R, Ghersevich S. The 
combination of mammaglobin A and TWIST-1 increases detec-
tion of circulating tumor cells in breast cancer. Jornal Brasileiro 
de Patologia e Medicina Laboratorial. 2021 May 14;57:e2102021.

13.	 Li C, Zhang T. Human mammaglobin: a specific marker for breast 
cancer prognosis. J buon. 2016 Jan 1;21(1):35-41.

14.	 Muñoz-Palomeque A, Guerrero-Ramirez MA, Rubio-Chavez 
LA, Rosales-Gomez RC, Lopez-Cardona MG, Barajas-Avila VH, 
Delgadillo-Barrera A, Canton-Romero JC, Montoya-Fuentes H, 
Garcia-Cobian TA, Gutierrez-Rubio SA. Association of RETN 
and CAP1 SNPs, expression and serum resistin levels with breast 
cancer in Mexican women. Genetic testing and molecular bio-
markers. 2018 Apr 1;22(4):209-17.

15.	 Deb A, Deshmukh B, Ramteke P, Bhati FK, Bhat MK. Resistin: A 
journey from metabolism to cancer. Translational oncology. 2021 
Oct 1;14(10):101178.

16.	 Assiri AM, Kamel HF. Evaluation of diagnostic and predictive 
value of serum adipokines: Leptin, resistin and visfatin in post-
menopausal breast cancer. Obesity research & clinical practice. 
2016 Jul 1;10(4):442-53.

17.	 Parafiniuk K, Skiba W, Pawłowska A, Suszczyk D, Maciejczyk 
A, Wertel I. The role of the adipokine resistin in the pathogenesis 
and progression of epithelial ovarian cancer. Biomedicines. 2022 
Apr 16;10(4):920.

18.	 Du F, Yu L, Wu Y, Wang S, Yao J, Zheng X, Xie S, Zhang S, 
Lu X, Liu Y, Chen W. miR-137 alleviates doxorubicin resistance 
in breast cancer through inhibition of epithelial-mesenchymal 
transition by targeting DUSP4. Cell Death & Disease. 2019 Dec 
4;10(12):922.

19.	 Li X, Dai D, Chen B, Tang H, Xie X, Wei W. Clinicopathological 

and Prognostic Significance of Cancer Antigen 15‐3 and Carcino-
embryonic Antigen in Breast Cancer: A Meta‐Analysis including 
12,993 Patients. Disease markers. 2018;2018(1):9863092.

20.	 Huebner H, Häberle L, Müller V, Schrader I, Lorenz R, Forstbau-
er H, Fink V, Schochter F, Bekes I, Mahner S. MUC1 (CA27. 29) 
before and after Chemotherapy and Prognosis in High-Risk Early 
Breast Cancer Patients. Cancers 2022, 14, 1721 [Internet]. 2022

21.	 Song Y, Zhu X, Lin Z, Luo L, Wen D. The potential value of 
serum chemerin in patients with breast cancer. Scientific Reports. 
2021 Mar 22;11(1):6564.

22.	 Al Zobair AA, Hayawi MA, Al Obeidy BF. Reliability of CA15-
3 Tumor Marker in Monitoring Therapeutic Response in Differ-
ent Molecular Subtypes of Metastatic Breast Cancer. Middle East 
Journal of Cancer. 2022 Jul 1;13(3):438-48.

23.	 Jing X, Liang H, Hao C, Yang X, Cui X. Overexpression of MUC1 
predicts poor prognosis in patients with breast cancer. Oncology 
reports. 2019 Feb 1;41(2):801-10.

24.	 Hinz N, Jücker M. Distinct functions of AKT isoforms in breast 
cancer: a comprehensive review. Cell Communication and Sig-
naling. 2019 Dec;17:1-29.

25.	 Kaboli PJ, Imani S, Jomhori M, Ling KH. Chemoresistance in 
breast cancer: PI3K/Akt pathway inhibitors vs the current che-
motherapy. American journal of cancer research. 2021 Oct 
15;11(10):5155.

26.	 Nan J, Li J, Li X, Guo G, Wen X, Tian Y. Preoperative se-
rum carcinoembryonic antigen as a marker for predicting the 
outcome of three cancers. Biomarkers in cancer. 2017 Feb 
8;9:1179299X17690142.

27.	 Dai D, Chen B, Tang H, Wang B, Zhao Z, Xie X, Wei W. No-
mograms for predicting the prognostic value of pre-therapeutic 
CA15-3 and CEA serum levels in TNBC patients. PloS one. 2016 
Aug 25;11(8):e0161902.

28.	 Zajkowska M, Gacuta E, Kozłowska S, Lubowicka E, Głażewska 
EK, Chrostek L, Szmitkowski M, Pawłowski P, Zbucka-
Krętowska M, Ławicki S. Diagnostic power of VEGF, MMP-9 
and TIMP-1 in patients with breast cancer. A multivariate statisti-
cal analysis with ROC curve. Advances in medical sciences. 2019 
Mar 1;64(1):1-8.

29.	 Mahmoudian M, Razmara E, Mahmud Hussen B, Simiyari M, 
Lotfizadeh N, Motaghed H, Khazraei Monfared A, Montazeri M, 
Babashah S. Identification of a six‐microRNA signature as a po-
tential diagnostic biomarker in breast cancer tissues. Journal of 
clinical laboratory analysis. 2021 Nov;35(11):e24010.

30.	 Sahan KA, Aziz IH, Dawood SN, Al Qazzaz H. The role of resis-
tin gene polymorphism in Iraqi breast cancer patients. Biomedi-
cine. 2022 Dec 31;42(6):1296-300.

31.	 Sahan KA, Aziz IH, Dawood SN, Abdul Razzaq SS. The effect of 
genetic polymorphism of resistin gene among Iraqi breast cancer 
women. Iraqi journal of biotechnology. 2023 Oct22(1), 1-7.


