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Abstract. Breast cancer is the most common type of cancer 
among females and the leading cause of cancer‑related 
mortality. Serum tumor markers provide a valid, non‑invasive 
method for assessing the prognosis and effectiveness of 
treatment for various types of cancer. The present study 
aimed to determine the prognostic value of p53 protein levels 
compared to other tumor markers (CA15‑3, CEA and CA125) 
in patients with breast cancer and to assess their associations 
with various molecular subtypes and clinicopathological 
parameters. The present study included 63 patients diagnosed 
with invasive ductal carcinoma of the breast who received 
neoadjuvant chemotherapy with paclitaxel and docetaxel. 
Additionally, 23 female patients who did not receive treat‑
ment and 30 healthy individuals were used as controls. 
The p53 protein level was assessed using ELISA, while the 
serum levels of CEA, CA15‑3 and CA125 were determined 
using an immunoradiometric assay kit. The results revealed a 
significant positive correlation between CEA and the levels of 
CA15‑3 and CA125 (Rho=0.759, P=0.0001; and Rho=0.609, 
P=0.0001, respectively). Furthermore, a strong positive corre‑
lation was observed between CA15‑3 and CA125 levels in 
the patients with breast cancer (Rho=0.8151, P=0.0001). The 
results revealed significantly higher levels of CEA, CA125 
and CA15‑3 (P=0.0001) in the pre‑treatment group of patients 
with breast cancer compared to the post‑treatment group; 
however, the p53 levels increased in the post‑treatment group 
compared to the pre‑treatment group. Sensitivity, specificity 
area under the curve and cut‑off values were also determined 
for the diagnosis of breast cancer. On the whole, the present 
study demonstrates that combining the three markers (CA15‑3, 
CEA and CA125) may provide a more effective biochemical 

diagnosis for patients with breast cancer than using a single 
marker. This approach may prove to be of value for prognostic 
information and determining disease progression.

Introduction

Breast cancer is a heterogeneous disease in which breast cells 
mutate, leading to the proliferation of cancerous cells that form 
tumors. This process typically begins with excessive growth in 
the milk ducts, which can progress to benign tumors or even 
metastatic carcinomas due to continuous exposure to various 
cancer‑causing factors (1). Female breast cancer ranks second 
in incidence following lung cancer. It can affect females of any 
age following puberty, regardless of geographic location (2).

According to the World Health Organization (WHO), 
breast cancer is the most frequently diagnosed type of cancer 
globally, accounting for 11.7% of all cancer cases  (1,3,4). 
Breast cancer is the leading cause of mortality among women. 
In 2020, there were 2.3 million new cases of breast cancer 
detected in women globally, resulting in 670,000 related 
deaths. This means that 1 in every 8 patients with cancer is 
affected by breast cancer, solidifying its status as the most 
prevalent type of cancer worldwide (5).

While developed regions report the highest rates of breast 
cancer incidence, countries in Asia and Africa accounted 
for 63% of total related deaths in 2020. The incidence and 
mortality rates of breast cancer have increased over time. In 
60 out of 102 nations, including Afghanistan, The Philippines, 
Brazil and Argentina, the incidence of breast cancer has more 
than doubled. Similarly, in 43 out of 102 countries, mortality 
rates from the disease have also doubled, with notable 
increases observed in Yemen, Paraguay, Libya and Saudi 
Arabia. Current projections indicate that by 2030, the annual 
number of new breast cancer cases will reach 2.7 million, with 
870,000 fatalities (6). Breast cancer is the most prevalent type 
of cancer among Egyptian women. The majority of patients 
experience poor outcomes as they present with a late stage of 
the disease by the time of diagnosis. It is expected that there 
will be almost 46,000 cases by the year 2050 (7).

Breast cancer subtypes are commonly categorized into four 
groups as follows: Luminal A, luminal B, human epidermal 
growth factor receptor 2 (HER2)‑positive (HER2+) and 
triple‑negative (TN). This classification is based on hormone 
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receptors, including estrogen receptor‑positive (ER+), proges‑
terone receptor‑positive (PR), HER2+ and the cell proliferation 
marker, Ki‑67, determined using immunohistochemistry (8). 
Breast cancer can be classified into five types. The most 
common type begins in the milk ducts and is termed invasive 
ductal carcinoma (IDC), and spreads to surrounding tissue, 
accounting for ~80% of all breast cancer cases. Invasive lobular 
carcinoma is the second most common type, representing 
~10% of cases. Ductal carcinoma in situ is a non‑invasive 
type that begins in the milk ducts, but does not spread beyond 
them. Rare forms of breast cancer include inflammatory breast 
cancer and Paget's disease, which together account for <4% of 
all cases (9).

In addition to sex, age is a significant risk factor; women 
>50 years of age are at a higher risk of developing the disease. A 
family history of breast cancer also increases the risk, as ~15% 
of women diagnosed with breast cancer have a first‑degree 
female relative who has been affected. Additionally, genetic 
factors play a role; mutations in genes, such as breast cancer 
gene (BRCA)1, BRCA2, tumor protein 53 (TP53), cadherin 1 
(CDH1), phosphatase and tensin (PTEN) and serine threonine 
kinase (STK11) play a role in the development of the disease. 
These genes help regulate cell growth and prevent uncon‑
trolled proliferation (10). Lifestyle choices can also influence 
the risk. A high alcohol consumption, particularly in women 
aged >55 years, can elevate estrogen levels and activate the 
estrogen receptor pathway. Increased dietary fat intake and 
the long‑term use of hormone replacement therapies have also 
been associated with a higher risk of developing breast cancer. 
Additionally, reproductive factors such as early menarche, late 
menopause and an advanced age at first pregnancy can further 
increase the risk (11).

The emergence of novel biomarkers has become essen‑
tial for breast cancer diagnosis and prognosis. Biomarkers, 
including proteins, hormones, genes, genetic mutations and 
other molecules, help determine the subtype and progression 
of breast cancer tumors (12). They enhance patient manage‑
ment and guide treatment decisions, particularly for patients 
with advanced‑stage disease. Additionally, biomarkers assist 
doctors in assessing the likelihood of cancer responding 
to specific treatments and making decisions regarding 
post‑surgical care (13).

The p53 transcription factor in breast cancer is vital 
in regulating various cellular processes. However, its 
tumor‑suppressive activities are often impaired by the over‑
expression of the negative regulator, mouse double minute 
2 (MDM2) or by mutation. Mutations in p53 are present in 
30‑35% of breast cancer cases (14). Furthermore, ~80% of TN 
tumors exhibit p53 mutations, which are associated with poor 
survival outcomes. Due to this high frequency, mutant p53 
may be an effective therapeutic target and potential biomarker, 
particularly for patients with the TN subtype (15).

Some studies have also shown that p53 and Her2/neu have 
prognostic value in identifying more aggressive breast cancer 
behaviors and lower prognostic outcomes (16). Biomarkers, 
such as carbohydrate antigen 15‑3 (CA15‑3) and carcinoem‑
bryonic antigen (CEA) are valuable in monitoring therapy for 
patients with advanced‑stage breast cancer (17). Biomarker 
levels are associated with unfavorable clinicopathological 
parameters in patients with breast cancer. Thus, combining 

the two markers could improve the sensitivity and accuracy of 
early breast cancer diagnosis (18).

Cancer antigen 125 (CA125) levels, along with CEA and 
CA15‑3, are significantly higher in patients with breast cancer 
compared to controls. Moreover, patients with cancer have 
noticeably greater levels of CA15‑3, CA125 and CEA tumor 
markers compared with patients in the early stages of the 
disease. In addition, higher levels of CA125 and CA15‑3 are 
observed in patients with late‑stage cancer and are associated 
with lymph node metastasis and tumors with larger diam‑
eters (19).

Due to the heterogeneity of tumor cells, using a single 
biomarker is not sufficient for the accurate diagnosis of cancer 
development and metastasis  (20). Therefore, combining 
biomarkers is preferred and is more valuable in improving 
sensitivity (21,22).

Other recognized biomarkers, such as ER, PR and HER2 
play crucial roles in selecting and managing patients for 
endocrine therapy and predicting the response to trastuzumab. 
ER is a negative indicator for chemotherapy, while HER2 is a 
positive indicator. It has been recognized that Ki67 is a poor 
prognostic factor (21). Early diagnosis is crucial for breast 
cancer, as it is metastatic type of cancer, which can spread 
to distant organs, such as the liver, brain, lung and bone; a 
better prognosis and higher survival rates result from the early 
diagnosis of the disease (23).

Patients and methods

Sample collection. The present study involved 86 female 
participants who had been clinically diagnosed with breast 
cancer, and 30 healthy individuals as the control group. 
According to the Declaration of Helsinki, the Ethics Committee 
of the National Research Centre (Cairo, Egypt) reviewed and 
approved the study under registration no. 09420924. Prior 
to participating, all individuals provided written informed 
consent.

Pre‑operative neoadjuvant chemotherapy using paclitaxel 
or docetaxel was planned for 63 of the female patients, while 
23 patients did not receive any treatment, as some of them did 
not complete the follow‑up and others refused the treatment.

Participants were selected from the outpatient nuclear 
medicine and clinical oncology clinic at the Kasr Al‑Ainy 
Centre of Cairo University (Cairo, Egypt). Clinicopathological 
data were obtained from the medical records of the patients. 
Following diagnosis, information regarding the presence of 
HER2, ER, PR, lymph node (LN) status, and tumor grades and 
sizes was collected. A pathologist confirmed the tumor grades 
and imaging techniques were used to validate the lymph node 
status before surgery clinically. Blood samples of 4 ml were 
collected from all patients. The serum was then isolated by 
centrifugation at 3,500 x g, 15˚C for 10 min and stored at ‑20˚C 
for further analysis.

Determination of CA 15‑3, CEA and CA125 serum levels. 
The serum levels of CA15‑3, CA125 and CEA tumor markers 
were determined using immunoradiometric assay (IRMA) kits 
as follows: Cat. no. KIP 0301 for CA 125. Cat. no. KIP0321 
for CA 15‑3 and cat. no.  KIP0331 for CEA (DIAsource 
ImmunoAssays SA), which was prepared for use in compliance 
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with the manufacturer's guidelines. First, the serum was 
placed in plastic tubes coated with the capture antibody Mab1, 
and room‑temperature incubation was permitted for 90 min. 
After cleaning, the reaction tubes were shaken at room 
temperature for a further 90 min, followed by the addition of 
iodine‑125‑labeled anti‑CA15‑3 antibodies, CA125 antibodies 
and CEA antibodies (Mab2).

A gamma counter measured the bound radioactivity of 
each tube for 60 sec after cleaning. Computer‑assisted data 
reduction simplified the calculations. The levels of CA15‑3, 
CA125 and CEA in each serum sample were determined using 
a 5‑parameter logistic function curve.

Determination of p53 tumor marker in patients with breast 
cancer. Using the sandwich‑ELISA method, an ELISA kit (cat. 
no. E‑El‑H0910, Elabascience) was utilized to determine p53 
levels in serum samples. This kit includes a micro‑ELISA plate 
pre‑coated with an antibody specific to human TP53. After 
adding standards or samples to the wells of the micro‑ELISA 
plate, the appropriate antibody was introduced. Subsequently, 
a biotinylated detection antibody specific for human TP53 and 
an avidin‑horseradish peroxidase (HRP) combination was 
added to each well prior to incubation.

Unbound components were washed away with washing 
buffer (provided with the kit), and a substrate solution was 
added to each well. Only wells containing human TP53, the 
biotinylated detection antibody, and the avidin‑HRP conjugate 
will develop a blue color. The enzyme‑substrate reaction was 
terminated by the addition of a stop solution (provided with 
the kit), which changes the color to yellow. Spectrophotometric 
measurements were performed using an ELISA plate reader 
(Statfax Chromate 4300, Awareness Technology, EAD 
Scientific) and the optical density (OD) was measured at 
450 nm.

Statistical analysis. The Prism Graph Pad version 9 Graph 
(Pad Software, Inc.) was used to enter and code the data. 
Data are presented as the mean ± standard deviation (SD). 
Comparisons between two groups were performed using the 
Mann‑Whitney test, while comparisons between more than 
two groups were performed using the Kruskal‑Wallis test. The 
ROC curve was constructed with the area under curve (AUC) 
analyzed to detect the optimal cut‑off value for p53, CEA, 
CA15‑3 and CA125 in patients with breast cancer. Correlation 
analysis was performed using Spearman correlation analysis. 
P‑values <0.05 were considered to indicate statistically 
significant differences.

Results

Clinical and pathological data of the patients. The study 
included 86 patients diagnosed with breast cancer; 63 patients 
had received adjuvant neoadjuvant chemotherapy (paclitaxel 
and docetaxel); 23 female patients did not receive treatment, 
and 30 healthy subjects served as the controls. IDC was the 
most common histological type. The characteristics of the 
patients are presented in Table I.

The age of the patients was 49±7.88 (mean ± SD) years. 
The findings revealed a non‑significant difference in age 
among the patients with breast cancer and the p53 level 

(0.229). In addition, the expression levels of p53 and CA125 
exhibited significant differences with metastasis (P=0.008 and 
P=0.0362, respectively). Furthermore, a significant association 
was observed between tumor grade and the levels of CEA 
(P=0.0322), CA15‑3 (P=0.0012) and CA125 (P=0.0024).

Serum levels of p53, CEA, CA15 and CA125 in healthy 
controls, and patients with breast cancer. The CEA, CA15‑3 
and CA125 serum levels were measured in all samples using 
IRMA. The serum levels of CEA, CA15‑3 and CA125 were 
significantly increased in the patients with breast cancer 
compared with the controls. The results indicated a significant 
difference between the mean levels of CEA in the patients with 
breast cancer compared with the healthy controls (Controls: 
CEA, 0.3010±0.13  ng/ml; CA15‑3, 8.880±3.7  ng/ml; and 
CA125, 8.420±3.6 ng/ml; Patients: CEA, 5.56±15.63; CA15‑3, 
131±90.06; and CA125, 141.2±79.12 ng/ml; P<0.001) (Table II 
and Fig. 1).

Comparison of the diagnostic value of tumor markers in 
patients with breast cancer. The cut‑off values for the concen‑
trations of the tumor markers used to predict breast cancer 
are presented in Table III and Fig. 2. The cut‑off value for 
the predication breast cancer was estimated at 0.389 ng/ml 
for p53 with a sensitivity of 56.52%, specificity of 60%, and 
AUC of 0.5029 (P<0.6162). For CEA, the cut‑off value was 
0.91 ng/ml with a sensitivity of 98.55%, specificity of 100%, 
and AUC of 0.998 (P<0.0001). The cut‑off values for CA15‑3 
and CA125 were >15.95 U/ml and >17.5 U/ml, respectively, 
with a sensitivity of 97.07 and 98.55%, and the AUCs of 0.9838 
(P<0.0001) and 0.99 (P<0.0001), respectively, each having a 
specificity of 100%.

Measurement of tumor marker levels in patients with breast 
cancer according to tumor grade and stage. There was a varia‑
tion in the measurements of the CEA and CA15‑3 biomarker 
levels among the breast cancer patient groups classified by 
tumor grade (P<0.0322 and P<0.0396, respectively). However, 
there was no significant difference in the levels of p53 and 
CA125, as shown in Table IV. On the other hand, a significant 
difference was found between the p53 biomarker levels and the 
stages of breast cancer (P=0.030), as demonstrated in Table V.

Correlation between the expression of different tumor 
markers in patients with breast cancer. As illustrated in 
Fig. 3, there was a strong positive correlation between the 
tumor markers, CEA and CA15‑3 (Rho=0.759, P=0.0001), and 
CEA and CA125 (Rho=0.609, P=0.0001). Similarly, a strong 
positive correlation between was found between the CA15‑3 
and CA125 levels in patients with breast cancer (Rho=0.8151, 
P=0.0001). A weak positive correlation was observed between 
the p53 and CEA levels (Rho=0.2485, P=0.0395).

Different levels of serum tumor markers in patients with 
breast cancer (pre‑ and post‑chemotherapy). Significant 
increases were observed in the levels of CA15‑3, CEA and 
CA125 (P=0.0001) in the pre‑chemotherapy group compared 
to the post‑chemotherapy group. Conversely, the expression 
level of p53 increased in the post‑treatment group compared to 
the pre‑treatment group (Fig. 4).

https://www.spandidos-publications.com/10.3892/wasj.2025.348
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Discussion

Breast cancer is the most common malignancy among 
Egyptian women and has the second‑highest mortality rate 
worldwide each year. The early detection of breast cancer 

can significantly reduce mortality, allowing for less aggres‑
sive treatment options and improving patient survival rates. 
Biomarkers are substances in biological systems that can 
indicate disease processes or provide clinical data for pharma‑
cological responses to medication therapy. A single biomarker 

Figure 1. Levels of the tumor markers in the study groups. ****P<0.001.

Table II. Serum biomarker measurements between patients with breast cancer and the controls.

	 Controls (mean ± SD)	 Patients (mean ± SD)	 P‑value

p53	 0.4294±0.14	 0.5114±0.37	 0.980
CEA	 0.3010±0.13	 25.81±79.1	 0.0001a

C15‑3	 8.880±3.7	 186.7±218	 0.0001a

C125	 8.420±3.6	 197.9±217	 0.0001a

Values are expressed as the mean ± SD. aP<0.05, indicates a statistically significant difference.

https://www.spandidos-publications.com/10.3892/wasj.2025.348
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is insufficient for diagnosis; however, combining different 
diagnostic biomarkers is crucial for accurate diagnosis, prog‑
nosis, and treatment (20).

Serum tumor marker variations have been created as a 
non‑invasive technique to evaluate the efficacy of treatment 
for malignancies in humans (19). Among the most commonly 
used tumor markers in breast cancer are CA125, CA15‑3 and 
CEA. The present study assessed the significance of p53 as a 
potential prognostic marker compared to other tumor markers, 
including CEA, CA15‑3 and CA125, by measuring the protein 
levels of these markers in patients with breast cancer.

The results revealed a significant increase in the levels of 
CEA, CA15‑3 and CA125 in patients with breast cancer, with 

P‑values of 0.0322, 0.0012 and 0.0024, respectively. The p53 
tumor marker was the only marker that exhibited a significant 
difference with age, with a P‑value of 0.0229. However, none of 
the markers examined in the present study exhibited a substan‑
tial difference with lymph node, PR, ER or HER2 status.

The results of the present study differed from those in the 
study by Ashour Byomy et al (24), who found that the levels 
of CEA and CA15‑3 significantly increased with lymph node 
involvement and tumor size (P<0.05) (24). In another study, 
Zhao et al (24,25) identified an association between elevated 
levels of CEA, CA15‑3 and CA125, and tumor size, with 
P‑values of 0.0031, <0.0001 and 0.0296, respectively. The 
present study reported a significant difference in the p53 

Figure 2. ROC curves for the biomarker serum levels for the diagnosis of patients with breast cancer.

Table III. Area under the ROC curves, sensitivity and specificity for serum tumor marker protein levels in patients with breast 
cancer.

	 AUC	 Cut‑off value	 Sensitivity %	 95% CI	 Specificity %	 95% CI	 P‑value

Circulating p53 level	 0.5029	 0.389	 56.52%	 44.79‑67.57	 60%	 31.27‑83.18	 0.6162
Circulating CEA level	 0.998	 0.91	 98.55	 92.24‑99.93	 100%	 72.25‑100	 <0.0001a

Circulating CA15‑3 level	 0.9838	 >15.95	 97.07%	 89.90‑99.48	 100%	 72.25‑100	 <0.0001a

Circulating CA125 level	 0.99	 >17.5	 98.55	 92‑99.9	 100%	 72.25‑100	 <0.0001a

aP<0.05, indicates a statistically significant difference. AUC, area under the curve; CI, confidence interval.
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and CA125 expression levels between patients with breast 
cancer with metastasis, with P‑values of 0.008 and 0.0362, 
respectively. Gaughran  et  al  (26) noted that TN tumors 
often had elevated CA‑125 levels associated with pleural 
metastases. Additionally, it has been documented that mutant 
p53 increases tumor aggressiveness and metastatic potential 
through various mechanisms (14). These results suggest that 
intensive follow‑up and the use of alternative and appropriate 

chemotherapy are necessary. Additionally, combining two 
drugs has been shown to result in high response rates in meta‑
static disease. Measuring the levels of both serum markers 
may also be useful for the early diagnosis of metastases.

In the present study, the levels of the tumor markers, CEA, 
CA15‑3 and CA125, were significantly elevated in patients with 
breast cancer compared with the healthy controls (P=0.0001). 
The mean of the elevated serum levels of CA15‑3, CA125 

Figure 3. Spearman's correlation analysis of different tumor marker levels in patients with breast cancer.

Table IV. Variations in the levels of biomarkers as regards breast cancer grade (early/late).

	 Grade
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Marker	 Early (n=39)	 Late (n=47)	 P‑value

p53	 0.5±0.3	 0.5±0.4	 0.390
CEA	 4.09±1.8	 7.03±22	 0.0322a

CA15‑3	 144.9±44.9	 129.6±55.8	 0.0396a

CA125	 158.1±48.2	 144.5±61.15	 0.1687

Values are expressed as the mean ± SD. aP<0.05, indicates a statistically significant difference.

Table V. Variations in the levels of biomarkers as regards breast cancer stage.

Marker	 Stage I	 Stage II	 Stage III	 Stage IV	 P value

p53	 0.7±0.4	 0.66±0.5	 0.45±0.19	 0.36±0.3	 0.030a

CEA	 3.8±0.5	 32.5±92.4	 32.13±92.6	 12.09±32	 0.100
CA15‑3	 137.3±25	 216±246	 192.2±262	 150.5±64.2	 0.453
CA125	 153.5±20.9	 242.8±244.2	 191.6±256	 163.5±40.2	 0.191

Values are expressed as the mean ± SD. aP<0.05, indicates a statistically significant difference.
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and CEA were 131, 141.2 and 5.56 of breast cancer cases 
compared with the control group which were 0.3010, 8.880 
and 8.420, respectively. These findings are in accordance with 
those the studies by Fang et al (19) and Shao et al (27), which 
reported that patients with breast cancer had significantly 
higher pre‑operative serum levels of CEA, CA125 and CA15‑3 
than the control subjects. Additionally, significantly higher 
levels of CEA, CA125 and CA15‑3 were observed in patients 
with late‑stage cancer compared to those with early‑stage 
disease (19,27). In the study by Hasan (28), CA15‑3 exhibited 
a more significant increase than CEA, with both markers 
exhibiting significantly higher levels in patients with breast 
cancer at the time of diagnosis compared to the controls. These 
results suggest that combining tumor markers (CEA, CA15‑3 
and CA125) is critical in breast cancer, as they can accurately 
predict susceptibility to the disease and enhance the prognosis 
and detection of breast cancer (28). As regards p53, the levels 
of this tumor marker in healthy cells have a short half‑life, 

making it difficult to detect. However, in stressed, mutated 
cells, p53 accumulates and has a longer half‑life, allowing for 
its high levels to be detected immunohistochemically (29).

According to the findings of the present study, the cut‑off 
value for breast cancer prediction was >0.389 ng/ml for p53, 
with a sensitivity value 56.52%, specificity value 60%, and 
an AUC of 0.5029 (P<0.6162). For CEA, the cut‑off value 
was determined at 0.91 ng/ml, with a sensitivity of 98.55%, 
specificity of 100% and an AUC of 0.998 (P<0.0001). The 
cut‑off values for CA15‑3 and CA125 were >15.95  U/ml 
and >17.5 U/ml, respectively, with sensitivities of 97.07 and 
98.55% and AUCs of 0.9838 (P<0.0001) and 0.99 (P<0.0001), 
both exhibiting 100% specificity. By contrast, El‑Moneim 
Ebied et al (30) reported a cut‑off value of 2.82 U/ml for serum 
p53, demonstrating a substantial AUC of 85.6% (P<0.05) with 
80% sensitivity and 87% specificity (30). The results of the 
present study align with those of the study by Tang et al (31), 
who reported cut‑off values of 16.78 U/ml for CA‑125 and 

Figure 4. Difference in serum levels between patients with breast cancer before and after chemotherapy. ****P<0.001.
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63.175 U/ml for CA15‑3, with sensitivities of 90 and 100%, 
specificities of 75.7 and 97.2%, and AUCs of 0.838 (P<0.001) 
and 0.984 (P<0.001), respectively.

In another study by Uygur and Gümüş (32), the significance 
of CEA and CA15‑3 levels in predicting metastasis was assessed 
using ROC analysis. The cut‑off values were 1.39 ng/ml for CEA 
and 14.54 U/ml for CA15‑3. The sensitivity values for CEA and 
CA15‑3 were 88.3 and 82.1%, respectively, with specificities of 
46.2 and 47.3%. These findings highlight the critical role of these 
markers as tumor indicators for the early detection of metas‑
tases (32).

In another study by Rahemi et al (33), the AUC values for 
the three markers, CA15‑3, CA125 and CEA, were 0.85, 0.85 
and 0.75, respectively. The results indicated that the sensitivity 
levels for CA15‑3, CA125 and CEA were 85, 85 and 75%, respec‑
tively. Additionally, when combining these three tumor markers 
to predict the risk of breast cancer, the AUC curve reached 
0.93, demonstrating maximum specificity (91%) and sensitivity 
(90%). These findings suggest that the predictive value generated 
by combining these three tumor markers is more reliable and 
trustworthy (33). The present study revealed a significant differ‑
ence in the levels of CEA and CA15‑3 among patients classified 
according to breast cancer grade, with P‑values <0.0322 and 
<0.0396, respectively. However, there was no discernible differ‑
ence in the levels of the CA125 and p53 biomarkers. The CEA and 
CA15‑3 levels were noticeably higher in patients with late‑stage 
breast cancer than in those with early‑stage disease (34).

On the other hand, the present study found a significant 
difference in p53 biomarker levels across different stages of 
breast cancer (P=0.030). This finding aligns with the results 
of the study by Khadhum et al (35), who reported a signifi‑
cant difference in p53 levels among all stages of breast cancer 
(P=0.01). Additionally, the level of CA15‑3 was directly associ‑
ated with advanced stages and recurrence, suggesting that it 
could serve as a reliable predictive biomarker (35). Similarly, in 
the study by Li et al (36), no significant differences were found 
in the levels of CA15‑3, CA125 and CEA among patients with 
breast cancer, with P‑values of 0.94, 0.39 and 0.69, respectively 
In the present study, there was a strong positive correlation 
observed between the CEA tumor markers and CA15‑3 and 
CA125 levels, with correlation coefficients of Rho=0.759 
(P=0.0001) and Rho=0.609 (P=0.0001), respectively. Similarly, 
A significant positive correlation was observed between 
the CA15‑3 and CA125 levels in patients with breast cancer 
(Rho=0.8151, P=0.0001). A marginal positive association was 
discovered between p53 and CEA (Rho=0.2485, P=0.0395), 
while p53 did not correlate with CA15‑3 or CA125.

The results of the present study indicated that significant 
increases were observed in the serum levels of CEA, CA15‑3 
and CA125 (P=0.0001) in the pre‑chemotherapy group 
compared with the post‑chemotherapy group. By contrast, the 
p53 levels increased in the post‑treatment group compared 
with the pre‑treatment group. This elevation in p53 may 
suggest that chemotherapy affects p53 protein levels, poten‑
tially extending its half‑life. Additionally, the high levels of 
p53 following chemotherapy could indicate resistance to treat‑
ment, the presence of residual disease, or the need for further 
therapies or alternative treatment strategies.

In a previous study, Bae et al (2020), the expression of p53 
was examined before and after chemotherapy (37). They found 

no change in p53 levels in TNBC patients before chemotherapy 
compared to those after treatment Similarly, Lee et al  (38) 
reported that ~86.7% of patients did not exhibit a change in p53 
levels following chemotherapy, while only 13.7% exhibited a 
change following neoadjuvant chemotherapy Some studies have 
reported that TP53 mutations may be associated with a good 
prognosis, while others have indicated that these are associated 
with a poor prognosis. These differing results may be attributed 
to the fact that the various types of tumors were used in the 
studies and involved different treatment protocols (39,40).

In the study by Anoop et al (40), the median CEA levels 
before and after treatment in the entire study population 
were 7.9 ng/ml (range, 1.8‑40.7 ng/ml) and 4.39 ng/ml (range, 
1.4‑12.15 ng/ml), respectively (P=0.032). These findings suggest 
that elevated blood levels of CEA and CA15‑3 in patients with 
breast cancer are valuable indicators for predicting aggressive 
behavior and the risk of recurrence (41). Serum biomarkers, 
particularly CEA, CA 15‑3, and CA 125 can be highly effective 
in monitoring treatment efficacy and enabling the early detec‑
tion of recurrence or metastasis in breast cancer, even before 
imaging techniques reveal tumor progression.

In conclusion, the combination of CEA, CA125 and 
CA15‑3 is considered to be comprehensive marker for young 
patients with breast cancer and these markers are considered 
valuable tumor markers for the detection of metastases early 
diagnosis. The combination of the three markers CA15‑3, 
CEA, and CA125 may provide a more effective biochemical 
diagnosis for breast cancer patients than using a single marker. 
This approach could be valuable for prognostic information 
and determining disease progression.
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