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Abstract | Objective: Breast Cancer (BC) is the most common cancer worldwide and is the second leading cause of
cancer deaths among women, its incidence continues to escalate. The development of BC is a multi-step process
involving multiple cell types, early diagnosis of BC is one of the best approaches to prevent this disease. Methods: This
case-control study included sixty women with breast cancer as well as 20 healthy women. The cases were selected using
simple random sampling from Al-Amal National Hospital for Cancer Management. The present study performed to
assess the levels of some parameters in BC women versus healthy women, which including CA15-3 marker,
hematological parameters (including WBSs, RBCs, Hb, Platelets and ESR), liver function tests that included Aspartate
Aminotransferase (AST), Alanine Aminotransferase (ALT) and Alkaline Phosphatase (ALP) kidney function tests (urea
and creatinine) and some electrolytes (Cl-, K+, Na+ mmol/L). Results: The mean and Standard Deviation (SD) of the age
of breast cancer patients are 51.81+11.323, while for healthy individuals, they are 30.25+4.756. The results of the
statistical analysis showed significant differences (p = 0.004). The classification of patients by age into three groups
showed that 31% were in the 25-45 age group, 35% in the 46-56 age group and 33.3% in the 57-77 age group. Regarding
the assessment of studied parameters, the present study showed a significant (p = 0.032) increase in the levels of CA15-
3 in women with breast cancer versus healthy women. As for hematological parameters, the statistical analysis showed
significant differences only in RBCs, Hb and ESR: RBCs and Hb were significantly decreased (p = 0.038, p = 0.000,
respectively) in breast cancer patients compared with controls, while ESR was significantly increased (p = 0.000). In
terms of liver function tests, only ALP showed a significant (p = 0.000) increase in women with breast cancer patients
as compared with control women; while AST and ALT showed non-significant differences. Regarding the assessment of
kidney function tests and electrolytes, the statistical analysis showed that only urea increased significantly (p = 0.054)
in patients, while creatinine and all studied electrolytes showed non-significant differences between patients and the
control group. CA15-3 shows a significant inverse correlation with WBCs in breast cancer patients and with K+ only. No
other significant correlations were found with the other studied parameters in either patients or healthy individuals.
Conclusion: The current findings highlight the multifactorial nature of BC pathophysiology, where hematological,
biochemical and metabolic shifts come together to shape cancer progression and prognosis.
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INTRODUCTION

Breast Cancer (BC) is the most frequently diagnosed
cancer in women and one of the leading causes of cancer-
related death in females. The recent global estimates
reveal that breast cancer accounted for nearly 670,000
deaths in 2024, with incidence expected to increase to 3.2
million new cases every year by 2050 if the current trend

persists [@,@B]. While it was once predominantly seen as
a disease of developed countries, more than half of BC
diagnoses and two-thirds of BC deaths in 2020 occurred
in less developed regions of the world [@,E].

The incidence of BC is robustly linked with human
development. Human development index, which
incorporate measures of life expectation, education, and
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wealth, regards as a more inclusive and efficient
comparison among countries than income alone [6]. In
general, worldwide burden of cancer occurrence and
mortality is growing rapidly, which is driving by
population aging and growth, along with changes in
prevalence and distribution of the principal cancer risk
determinant, which are correlated to socioeconomic
development [7,8].

The hematological and biochemical changes are
usually noticed in women with BC and may offer
important insights into progression and systemic impacts
of malignancy. Anemia, higher Erythrocyte Sedimentation
Rate (ESR) and alterations in liver and kidney function
tests had been stated as a common abnormality,
mirroring each of tumor biology and host's responses
[9,10]. In spite of these parameters are nonspecific, but
they could serve as adjunctive biomarkers in clinical
assessment, providing a prognostic information and
guiding therapeutic options [11].

Among tumor markers, carbohydrate antigen 15-3
(CA15-3) has been extensively studied for its role in BC
[12]. CA15-3 is a mucin-type glycoprotein shed by
malignant breast epithelial cells and elevated serum
levels are often associated with advanced disease,
metastasis and poor prognosis. It is a mucinous
glycoprotein, a product of Mucinl gene [13], that present
in almost epithelial cells and its overexpression is
predominating related with various cancers types such as
colon, breast, ovarian and lung [14,15].

Other Biochemical parameters like liver and kidney
function tests also present crucial information in patients
with BC. Higher levels of ALP had been linked to liver
involvement alongside bone metastasis, while alterations in
kidney function and electrolytes might reflect cancer-linked
metabolic stress or therapy-induced toxicity [16-18].
Although these biomarkers are not specific to BC, but their
combination with tumor markers and blood indices can
enhance clinical evaluation and patient’s management.

Zhao et al. [19], has been demonstrated rising trends
in the occurrence of early-onset breast malignancy, which
can be attributed to lifestyle alterations, environmental
vulnerability and genetic predisposition despite
worldwide incidence is continuing to increase with age,
For the multifactorial nature of breast cancer,

This investigation aimed to assess blood parameters,
liver and kidney tests and CA15-3 levels in Breast Cancer
women compared with healthy women. By integrating
these outcomes with correlation analysis, this
investigation seeks to illustrate the interaction between
tumor burden, systemic inflammations, metabolic
changes and organs functions.

MATERIALS AND METHODS

Study Design, Protocol and Sample Collection

The present case-control study included sixty women
with BC and 20 healthy women. The cases were selected
using simple random sampling from Al-Amal National
Hospital for Cancer Management, where those patients were

diagnosed and treated. The study was approved based on
the protocol of the Ethics Committee at the College of
Science, University of Baghdad. Ten ml of venous blood was
drawn from all participants. Five ml of blood samples were
placed in jell-tubes and then centrifuged for 10 mins at a
speed of 3000 cycles/min; after that, sera were obtained and
placed in Eppendorf tubes and preserved in a deep freezer
at -20°C. The remaining 5 ml of blood samples were placed
in sterile EDTA tubes.

Assessment of Studied Markers

CA15-3 was evaluated using the quantitative sandwich
ELISA method, utilized the kit from Sunlong Biotech
company, China. To measure some hematological
parameters (including WBSs, RBCs, Hb and Platelets), the
samples have been collected in EDTA and Hemolyzer
Analytical (Germany) automatic blood analysis device
was employed to assess these parameters, this device
takes the samples and automatically dilutes them, then
the results are read.

The sera levels of liver function tests that included
AST, ALT and ALP were measured utilizing the kits from
Bio Diagnostic Company, Egypt. The approach methods
described by [20,21].

As for renal function tests, the sera levels of urea was
estimated employed the Berthelot’s technique utilizing
Linear kit, Spain [22]. Randox kit, UK has been employed
to evaluate creatinine levels, the method based on
producing the colored complex that formed as creatinine
reacts with picrate in alkaline solution [23].

Finally, the measurement of Electrolytes was doing
utilized the Colorimetric method using the kits from
Bioscience Medical company, Spain. ESR was measured by
a turbidimetric method, where the blood samples were
evaluated by measuring change in optical density when
erythrocytes aggregate and settle by time. The decreasing
of turbidity that caused by downward sedimentation of
RBCs, was monitored by the analyzer and rate of changes
has been mathematically converted into values expressed
in (mm/hour) [24].

RESULTS AND DISCUSSION

Distribution of Study Population According Age

The main clinical changes seen in patients with BC are
compiled in Table 1. When compared to healthy controls,
there were notable elevated levels of CA15-3, ESR and
ALP as well as significant decreases in hemoglobin and
RBC count. A slight increase in serum urea was indicative
of the disease's moderate metabolic changes.

Breast cancer patients had a significantly higher
mean age than healthy controls (51.81+11.32 vs.
30.25+4.76 years, p = 0.004), indicating that increasing
age is associated with a higher likelihood of BC in the
studied population. Figure 1 displays that the mean and
Standard Deviation (SD) for the age of BC patients is
51.81+11.323, while for healthy individuals, it is
30.25+4.756. The results of the statistical analysis
showed significant differences, with a p-value of 0.004.
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Figure 1: Compared the Mean of Age Between Breast Cancer Patients and Healthy Controls

Table 1: Summary of Significant Clinical Findings in Breast Cancer Patients

Parameter Patients (Mean+SD) Controls (Mean+SD) Change p-value
CA15-3 (U/mL) 23.44+10.35 16.61£7.02 T 0.032
RBC (x10°/uL) 4.44+0.65 4.80£0.62 l 0.038
Hemoglobin (g/dL) 12.52+1.33 13.89+1.44 l <0.001
ESR (mm/hr) 34.57+19.56 15.12+9.30 T <0.001
ALP (U/L) 94.70428.52 67.80+18.59 1 <0.001
Urea (mg/dL) 28.30£11.03 23.09+7.06 T (Borderline) 0.051

The current study also divided patients according to
their age into three age groups: 25-45, 46-56 and 57-77;
where 31% of patients were within 25-45 age group, 35% in
the 46-56 group and 33.3% in 57-77 group, The majority of
BC patients belonged to the 46-56 years age group (35.0%),
followed by the 57-77 years (33.3%) and 25-45 years
(31.7%) groups. This distribution suggests that BC occurred
more frequently among middle-aged and older women in
the present study, as presented in Figure 2.

The current investigation demonstrated that age of
women with BC was significantly (p = 0.004) higher than
that of the healthy individuals, where this finding is
compatible with global epidemiological evidence indicated
that the incidence of BC increasing with advancing age,
exceptionally after fourth decade of life, since the cumulative
genetic mutations, hormonal alterations and protracted
exposure for environmental risk factors being collectively
contributed to carcinogenesis [@]. Several reports indicated
that nearly 80% of women with breast cancer at age >50, at
that time, more than 40% were those with age >65 years
[@]. Also, our findings align with several reports that
show the incidence of breast cancer is peaking in women
aged 45-65 years [@,].

One of the most important factors contributing to BC
in women over fifty is menopause, which represents a
critical transformation in the health of women, as a result
of the decline in ovarian function and hormonal
fluctuations that contribute to different clinical issues,
including metabolic alterations, weight gain and escalated
insulin resistance, all of which might contribute to
carcinogenesis.

Interestingly, later age at menopause extends the
cumulative exposure to estrogen and progesterone, thus
escalating the risk of breast tissue proliferation alongside
malignant transformation. This interpretation is in line
with the study of Hoinoiu et al. [@], which underscored
the menopausal status as a key determinant of recurrence
risk; they revealed that postmenopausal women often
present with a distinct clinical pattern and comorbidities
that complicate management outcomes. Similarly, a
recent large case-control investigation revealed that
postmenopausal women displayed notably higher BC risk
as compared with premenopausal women, emphasizing
the effect of hormonal exposure duration [@].

Regarding to distribution of patients according to age
groups, the relatively balanced distribution of those
points out the wide age spectrum influenced by BC,
despite the predominance in middle-aged group (46-56)
is consistent with global epidemiological data indicating
that occurrence of breast cancer peaks throughout the
premenopausal and early postmenopausal ages. Jacob et
al. [@], demonstrated that women in this period
experiences  considerable  hormonal fluctuation,
especially dropped levels of estrogen and progesterone,
which can engage with tumor development.

Moreover, the presence of a substantial proportion of
younger patients (their ages ranging between 25-45
years) necessitates greater awareness of this disease risk,
which is reported to be associated with more aggressive
tumor status and poorer prognosis compared to those
diagnosed later in life [].
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Figure 2: Distribution of Breast Cancer Patients According to Age Groups

Assessment of CA15-3 Marker in Breast Cancer
Patients and Healthy Individuals

Patients with breast cancer had significantly higher
serum CA15-3 concentrations than controls who were
healthy (23.44+10.35 vs. 16.61+7.02 U/mL, p = 0.032, Z-
test). The clinical relevance of CA15-3 as a helpful
biomarker for disease identification and surveillance is
supported by this notable spike, which shows elevated
tumor-associated antigen gene expression in breast
cancer-related patients.

The comparatively high standard deviations,
however, point to inter-individual variation in CA15-3
levels among the participants under investigation.

Figure 3 displays serum concentrations of CA15-3 in
studied population, where the present study revealed a
significant (p = 0.032) increase of CA15-3 in women with
BC versus healthy women. To measure some
hematological parameters (including WBSs, RBCs, Hb,
Platelets and ESR), the samples have been collected in
EDTA and Hemolyzer Analyticon (Germany) automatic
blood analysis device was employed to assess these
parameters, this device takes the samples and
automatically dilutes them, then the results are read.

The present study showed a significant increase of
the CA15-3 marker in BC patients versus healthy women.
This finding is aligned with previous reports that have
emphasized this marker-3 as one of the most widely
utilized tumor-associated antigens in patients with BC,
especially to monitor disease progression and therapeutic
responses rather than for early diagnosis [33,34]. This
result is also in line with Assad et al. [35], who revealed
that this transmembrane glycoprotein mucin is
overexpressed in a number of epithelial malignancies, it
possesses a considerable role in BC progression. Similarly,
the Egyptian study conducted by Mohammed et al. [36],
showed that patients with BC exhibited raised levels of

CA15-3. Also, the findings of our study in line with studies
conducted by Hamdi et al. [37] and Li et al. [38], which
revealed that this tumor marker is abnormally elevated in
patients with BC, suggesting a chance for disease
progression or recurrence.

Additionally, our finding supported by the findings of Al-
Saeedi et al. [39], who demonstrated a significant increase in
CA15-3 in the serum of breast cancer patients without
treatment and those receiving a single dose, compared to the
control group. They suggested that CA15-3 as key
requirement for diagnosing cases of breast cancer.

Assessment of Some Hematological Parameters in
Breast Cancer Patients and Healthy Individuals

When compared to healthy controls, breast cancer
patients showed significantly lower RBC counts and
hemoglobin levels together with a noticeably higher ESR,
which is indicative of anemic and systemic inflammation
linked to cancer. WBC and platelet counts showed no
discernible  variations, suggesting that these
hematological factors stayed largely constant in the
sample under study.

Figure 4, displays the values of some hematological
parameters (including WBSs, RBCs, Hb, Platelets and ESR)
in in breast cancer patients and healthy controls. The
results of statistical analysis showed only significant
differences in RBCs, Hb and ESR; where RBCs and Hb were
significantly decrease in breast cancer patients compared
with control, while ESR values were significantly increase
in patients.

The comparative analysis of hematological
parameters demonstrates that significant changes
were observed in RBCs, Hb and ESR values. In
particular, RBCs and Hb levels were significantly
decreased in breast cancer patients, while ESR values
were significantly increased.
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Figure 4: Assessment of Some Hematological Parameters in Breast Cancer Patients and Healthy Controls

Hematological parameters are a reflection of cell-
mediated immune responses against cancer and any
change in these parameters affects the progression of
cancer. Thus, the assessment of hematological parameters
is dependable for both prognosis and diagnosis of various
kinds of cancer, including breast cancer [@]. There is a
demand for more research to comprehend the
relationship between hematological parameters and
breast cancer prognosis. Diminished Hb levels had been
linked with poor prognosis and reduced treatment
tolerance, underlining its clinical significance [@].

The present findings are in line with previous
reports revealing that anemia is a common
hematological abnormality in women with breast

cancer, often attributed to chronic diseases, nutritional
deficiency, or the myelosuppressive impacts of cancer-
linked inflammations [11,42,43].

On the other hand, an Iranian study conducted by
Rajizadeh et al. [@], showed non-significant differences
in Hb and RBCs levels, whereas the values of MCV, MCH
and MCHC were statistically significant.

In Turkey, Velidedeoglu et al. [@], found that white
blood cells, neutrophils, lymphocytes and monocytes
were significant, while hemoglobin, platelets and
eosinophils were non-significant. Collectively, the
hematological changes emphasized the interaction
between cancer biology and the patient's systemic
responses, suggesting that traditional observation of
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these hematological markers may offer valuable
information in the clinical assessment and management
of breast cancer patients.

Assessment of Liver Function Tests in Breast Cancer
Patients and Healthy Individuals

Serum ALP levels were substantially higher in breast
cancer patients than in healthy controls, although ALT and
AST activities were not statistically different. These
results imply that whereas routine hepatocellular
enzymes stayed within similar ranges between the two
groups, ALP may represent disease-related metabolic
changes. In the term of liver function tests, the present
study assesses the levels of three dependable liver
function tests that included AST, ALT and ALP as
presented in Figure 5. The results of statistical analysis
showed only a significant outcome with regard to ALP
only, where its levels were significantly (p = 0.000)
increase in women with breast cancer patients as
compared with control women; while AST and ALT
showed non-significant differences.

In the present study, liver function tests
demonstrated a significantincrease in ALP levels in breast
cancer women compared to healthy individuals, while
AST and ALT did not reveal significant differences.
According to our results, the high ALP levels recorded in
patients indicated that cancer had metastasized to the
liver or bone. Alkaline phosphatase is a serum enzyme
that reflects the integrated activity of a number of
isoenzymes present in the liver, bone, kidney and
epithelium of the intestine [46].

The roles of ALP in diagnosis, prognosis and
surveillance of breast cancer should not be despised,
especially in third-world populations that lack medical
facilities or resource-poor settings [47]. Based on the
biological activity of ALP enzyme, it has consistently been
revealed to predict bone metastases and to some extent
hepatic metastases [48,49]. High ALP levels may mirror
increased osteoblastic activity as a result of skeletal
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metastases, which are common in developed breast
cancer cases, or cholestatic alterations related to hepatic
infiltration [50].

Our findings agree with Sing et al. who revealed a
significant increase in ALP levels in different stages of
cancer. Moreover, the present study is in line with Kh et al.
[61], who reported high ALP levels in breast cancer
patients as compared with healthy individuals; they also
showed that ALP levels were raised significantly as the
stage of cancer progressed. Additionally, our finding
aligns with AL-Mashhadani et al. [52], who demonstrated
that patients with bone metastases showed a significant
increase in the levels of ALP. However, the findings of the
current study partially agree with the recent study of
Altimmime et al. [63], which revealed that the levels of
ALP, ALT and AST were significantly increased in breast
cancer women with metastasis as compared with patients
without metastasis.

Assessment of Kidney Function Tests and Electrolytes
in Breast Cancer Patients and Healthy Individuals
Serum urea levels were marginally higher in breast
cancer patients (28.30+11.03 vs. 23.09+7.06 mg/dL)
than in healthy controls, although this difference was
not statistically significant (p = 0.051). In a similar vein,
the two groups' serum creatinine levels were similar (p
= 0.760). Serum electrolyte levels, such as Sodium
(Na*), Potassium (K*) and Chloride (Cl7), showed no
significant differences (p-values of 0.167, 0.271 and
0.871, respectively). These results show that the
individuals with breast cancer under study had
generally maintained electrolyte balance and renal
function. Regarding the assessment of kidney function
tests (urea and creatinine) and some electrolytes (Cl-,
K+, Na+ mmol/L), the results of statistical analysis
found that only urea is significant (p = 0.054) increase
in patients, while creatinine and all studied electrolytes
showed non-significant differences between patients
and control as illustrated in Figure 6.

M Patients

P =0.000" M Controls

P =0.187

ALP (PH UIL)

Patients (n=)

Parameters Mean + SD

Controls (n=)

ALT (UIL) 24.100 + 11.43461

AST (UIL) 25.4550 + 12.4806

Mean + SD Pvalue
21.050 + 10.86495 0.495
20.4700 + 4.65438 0.187

ALP (PH UL} 84.700 + 28.5248

67.800 + 18.5886 0.000"

“Significant difference at P-value < 0.05 by Z-test.

Figure 5: Assessment of Liver Function Tests in Breast Cancer Patients and Healthy Controls
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The assessment of kidney function tests in our cohort
demonstrated non-significant changes in sera levels of
creatinine or electrolytes (CI°, K*, Na*) between breast
cancer women and healthy women, while urea levels
displayed a borderline significant increase (p = 0.051) in
patients. This pattern is consistent with a previous study that
reported that kidney function is commonly preserved in
breast cancer patients unless complicated by chemotherapy-
linked nephrotoxicity or renal metastatic involvement [39].

This elevation of urea noticed in our cohort may
reflect escalated protein catabolism and metabolic
turnover correlated with malignancy, since cancer cells
trigger a hypercatabolic state that raises the nitrogenous
waste products [ . Our findings are aligning with those
of Chauhan et al. [54] and AL- Hussein [55], whose studies
demonstrated a significant increase in urea levels in breast
cancer patients compared to controls. Apart from toxicity
of different therapies for these cancers, renal members are
especially vulnerable for pre-existing comorbidities or
other risk factors increasing the risk of renal impairment in
patients prior to chemotherapy/radio therapy [].
Chronic renal disease is common among the majority of
elderly subjects in the general population, regardless of any
cancer Stevens et al. [].

The present study results were found to agree with
Chauhan et al. [@], which showed that there is no significant
difference in creatinine levels, with the average concentration
is in the normal range for different individuals, including
breast cancer patients and healthy subjects.

The results of the current study were consistent with the
results of Al-Dulaimi, which stated that there were no
significant differences in the serum creatinine level of breast
cancer patients and healthy women. However, results of the
current study were found to be different from the study held
in Salahudin governorate in Iraq by Al-Hussein [@] and also
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differ with finding of the study by Devi et al. [@], indicated
increased creatinine levels in women with breast cancer as
compared to healthy women.

The Correlation Analysis

Only the count of WBC in breast cancer patients and the
serum potassium levels in normal healthy controls
showed a significant inverse link with CA15-3, no
significant correlations were found with the other renal,
hepatic, or electrolytic markers. These findings suggest
that serum CA15-3 may function as a tumor-specific
diagnostic in breast cancer and is comparatively
independent of standard laboratory indicators. To
determine the extent of CA15-3 correlation with all
studied parameters in both patients and control groups,
the current study performed a correlation analysis and
showed that CA15-3 has a significant inverse correlation
with WBCs in breast cancer patients and a significant
inverse correlation with K+ only. No other significant
correlations were found with the other studied
parameters in either patients or healthy individuals as
illustrated in Figure 7.

The correlation analysis demonstrates that CA15-3 is
not only an indicator for the presence of cancer but it is
also significantly associated with systemic immune
responses and metabolic status of patients. The
significant negative correlation between CA15-3 and WBC
counts in patients aligns with the broader understanding
of cancer-associated immune modulation; as tumor
burden escalates (reflected by increasing CA15-3), the
resulting chronic inflammations often lead to suppressed
bone marrow or sequestration of leukocytes inside the
tumor's microenvironment [@,@].
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Figure 6: Comparison of Renal Function Tests and Serum Electrolyte Levels Between Breast Cancer Patients and
Healthy Controls (A) Serum Urea and Creatinine Concentrations (mg/dL) in Patients and Controls. (B) Serum
Electrolyte Concentrations, Including Chloride (Cl7), Potassium (K*) and Sodium (Na*) (mmol/L), in Both Groups.
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Figure 7: Correlation Between Serum CA15-3 Levels and Hematological, Renal, Hepatic and Electrolyte Parameters in Breast
Cancer Patients and Healthy Controls. (A) Correlation of Serum CA15-3 with Hematological Parameters, Including White
Blood Cell (WBC) Count, Red Blood Cell (RBC) Count, Hemoglobin (Hb), Platelet (PLT) Count and Erythrocyte Sedimentation
Rate (ESR). (B) Correlation of Serum CA15-3 with Renal Function Markers (Urea and Creatinine). (C) Correlation of Serum
CA15-3 with Liver Enzymes, Including Alanine Aminotransferase (ALT), Aspartate Aminotransferase (AST) and Alkaline
Phosphatase (ALP). (D) Correlation of Serum CA15-3 with Serum Electrolytes (Cl~, K* and Na*)

This phenomenon is termed immune exhaustion, the
hallmark of advanced tumors where upraised tumor
markers correspond with a decrease in effective
circulating immune cells. Moreover, the significant
negative correlation with K+ probably reflects metabolic
stress and cellular turnover correlated with progressive
pathology. According to Kumari et al. [61], about
electrolyte imbalances in cancer, high-turnover states
could disrupt Na+/K+-ATPase pump activity and shift the
transcellular, leading to diminished serum K+ as a result
of compromised cellular integrity. The non-correlative
nature with liver and kidney indices and other
electrolytes implies that CA15-3 is largely unaffected by
global glomerular filtration rates and systemic osmotic
balance, thereby reinforcing its nature predominantly as
a cellular shed biomarker as opposed to a remote organ
failure product [62].

CONCLUSIONS

The present study demonstrates that breast cancer is
associated with distinct clinical and biochemical
alterations. Patients exhibited significantly elevated
serum CA15-3, ESR and ALP levels, together with reduced

RBC count and hemoglobin, reflecting tumor-associated
inflammation, anemia and increased tissue turnover. In
contrast, liver transaminases (ALT and AST), creatinine
and serum electrolyte levels remained largely unchanged,
while urea showed only a borderline increase, indicating
that renal function was generally preserved. Furthermore,
CA15-3 displayed a significant inverse correlation with
WBC count in breast cancer patients and with serum
potassium levels in healthy controls, suggesting a
potential association between tumor burden, immune
response and metabolic regulation. Collectively, these
findings support the value of combining CA15-3 with
routine hematological and biochemical parameters to
provide complementary information for the clinical
assessment and monitoring of breast cancer, although
further large-scale prospective studies are warranted to
validate their prognostic and clinical utility.
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