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Background: Breast cancer, the most common cancer, is the leading cause of cancer-related deaths among women globally. To
effectively reduce mortality, it has become a hot topic to find prognostic indicators that are highly correlated with poor prog-
nosis of breast cancer in early stages. Therefore, this study aimed to explore the levels of serum cancer antigen 15-3 (CA15-3),
cancer antigen 125 (CA125), and tissue polypeptide specific antigen (TPS) in individuals with breast cancer and to elucidate the
relationship between these markers and clinicopathological factors, as well as their impact on disease prognosis.

Methods: This study included 140 subjects diagnosed with breast cancer (breast cancer subgroup), 120 subjects with breast can-
cer benign lesions (breast benign disease subgroup), and 120 healthy controls (control subgroup). The clinical data and blood
samples were collected from all study subjects. Furthermore, the serum levels of CA15-3, CA125, and TPS were evaluated using
corresponding enzyme linked immunosorbent assay (ELISA) kits. The correlation between serum indexes and clinicopatholog-
ical factors was analyzed. Additionally, the 3-year survival rate of breast cancer patients was assessed using the Kaplan-Meier
method.

Results: A statistically significant difference was observed in the serum CA15-3, CA125, and TPS levels across three subgroups:
breast subgroup, benign breast disease subgroup, and control subgroup (p < 0.05), with higher levels observed in the breast
subgroup followed by benign breast disease subgroup. Furthermore, their levels were correlated with pathological type, tumor
node metastasis classification tumor node metastasis (TNM) stage, lymph node metastasis, and histological grade (p < 0.05, p
< 0.001). Moreover, these markers were identified as independent risk factors for breast cancer using multivariate Logistic
regression analysis (p < 0.05). The probability of survival of breast cancer subjects in high CA15-3 level subgroup, high CA125
level subgroup and high TPS level subgroup was notably lower than that in low level subgroup, which was shown by Kaplan-Meier
analysis (p < 0.05).

Conclusion: The serum levels of CA15-3, CA125, and TPS are significantly elevated in subjects with breast cancer, and their
expression levels are correlated with pathological type, TNM stage, lymph node metastasis, and histological grade. These tumor
markers can be used as predictors of breast cancer prognosis.
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prognosis

Introduction Additionally, research has found that prognostic mark-
ers are differentially expressed in malignant and benign
lesions [5]. Moreover, compared to malignant tumors,
benign breast tumors like breast nodules and fibroadeno-
mas seldom metastasize or recur and can be effectively
treated through specific therapies. These observations high-
light the importance of prognostic markers in determining
and implementing subsequent treatment approaches, pro-
viding valuable insights for ongoing therapeutic interven-
tions. Serum tumor markers are crucial in differentiating
malignant tumors and predicting disease outcomes. Fur-
thermore, they are minimally invasive, rapid, and repro-
ducible, and widely used in clinical practice [6,7].

According to epidemiological study [1], the world-
wide incidence and mortality rate of female breast cancer
were reported as 46.3/10°, in 2018. Furthermore, these
rates continue to rise annually, posing significant health
challenges globally. The morbidity and mortality of female
breast cancer in China are relatively lower than the global
ratio. However, China has the highest total number of cases
due to its large population [2,3]. Compared to advanced
breast cancer, early breast cancer has a greater chance of
radical cure, a longer survival time, and a better prognosis
[4]. Therefore, the early diagnosis, treatment, and progno-
sis evaluation of breast cancer are crucial.
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This study examined the serum levels of common
breast cancer tumor markers, such as cancer antigen 15-3
(CA15-3), cancer antigen 125 (CA125), and tissue polypep-
tide specific antigen (TPS), to assess their correlation with
clinicopathological factors and their impact on patient sur-
vival. This investigation revealed increased expressions of
these markers in the serum of breast cancer subjects, sug-
gesting their significance as indicators for clinical efficacy
and prognosis [7-9]. Based on this analysis, the serum lev-
els of CA15-3, CA125, and TPS were compared among
breast cancer patients, those with benign breast lesions, and
healthy control subjects. While evaluating their prognostic
value, the correlation between these markers and the clin-
icopathological factors of breast cancer was explored, par-
ticularly in the context of early breast cancer.

Materials and Methods

Design and Procedures

In this retrospective study, a subgroup of breast can-
cer patients was compared with a subgroup of individuals
with benign breast cancer and a control subgroup to eval-
uate serum levels of CA15-3, CA125, and TPS, to assess
the relationship between these serum indexes and clinico-
pathological factors, and to examine the 3-year survival
outcomes of the subjects. The breast cancer subgroup in-
cluded 140 subjects diagnosed with breast cancer, the be-
nign disease subgroup comprised 120 subjects diagnosed
with benign breast lesions, and the control subgroup con-
tained 120 healthy individuals. All study participants pro-
vided informed consent for inclusion in the study. The
study design adhered to the guidelines of the Declaration
of Helsinki and was approved by the Ethics Committee of
First People’s Hospital of Yongkang City, China (approval
number: 2018-2-16).

Setting and Participants

This study assessed the suitability of the participants
based on the predetermined criteria. The inclusion crite-
ria were as follows: (1) Age range of 3075 years. (2)
Confirmation of breast cancer through biopsy or surgical
pathology. (3) Those who did not undergo any anti-tumor
therapy before surgery. However, the exclusion criteria of
this study included: (1) Study subjects presented with sig-
nificantly abnormal heart, liver, or kidney functions. (2)
Pregnant or lactating women. (3) Subjects with incomplete
clinical data. (4) Those who were not diagnosed with breast
cancer.

Measures
Data Collection

We collected data on the age, menstrual status, patho-
logical type, tumor size, tumor node metastasis (TNM)
stage, lymph node metastasis, histological grading, and
other relevant parameters of the study subjects.
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Evaluation of Serum CA15-3, CA125, and TPS Levels

Fasting elbow vein blood (4 mL) was collected from
all preoperative subjects in the morning. Following cen-
trifugation of the blood samples at 2062 x g for 10 minutes,
the supernatant was carefully transferred to a frozen tube
and stored at —80 °C.

The serum levels of CA15-3 (PC108, Beyotime,
Shanghai, China), CA125 (DCA125, R&D Systems,
Shanghai, China) and TPS (EKN50047, Biocompare,
South San Francisco, CA, USA) were assessed using en-
zyme linked immunosorbent assay (ELISA). For this pur-
pose, 100 pL of serum or 100 uL. PBS for blank was added
to the plate and incubated at 37 °C for 90 minutes. The
plates were washed 3 times with phosphate buffer solution
tween (PBST) to remove unbound proteins and then incu-
bated with 10 pg/mL biotin lectin for 1 hour at room tem-
perature. After washing 6 times with PBST, streptavidin-
HRP was added to bind to biotin lectin. After 6 additional
washes, tetramethyl benzidine (TMB) solution was added
for 10 minutes in the dark to develop color, and the reac-
tion was terminated with HCL. Finally, the optical den-
sity (OD) of each well was determined at 450 nm using
a microplate reader (Victor X4, Perkin Elmer, Waltham,
MA, USA). However, each experiment was replicated three
times to calculate the average of the experimental results.

Follow-up of the Study Subjects

All breast cancer patients were followed up for 3 years
through outpatient reexamination and telephone calls, with
the occurrence of the subject’s death being the end point.

Data Statistics

Statistical analysis was conducted using SPSS soft-
ware (version 22.0, IBM, Armonk, NY, USA), and the mea-
surement data with normal distribution and uniform vari-
ance were expressed through (Z+s). The ¢-value test was
used to compare the two subgroups, and F-value test was
used for multi-subgroup comparison. Independent prog-
nostic factors of breast cancer were analyzed utilizing mul-
tivariate Logistic regression. Moreover, the survival rate
of the breast cancer patients was analyzed employing the
Kaplan-Meier method, and the findings were compared us-
ing the log-rank test. A p-value < 0.05 was considered sta-
tistically significant.

Results

Baseline Data

The mean ages of the breast cancer subgroup, breast
benign disease subgroup, and control subgroup were
(55.3448.59) years, (56.021+9.34) years, and (55.1949.49)
years, respectively. In terms of age, there was no notably
difference (p > 0.05).
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Table 1. Serum levels of CA15-3, CA125, and TPS among study subjects.

Category n CA15-3 (UmL)  CA125 (U/mL) TPS (U/L)
Breast cancer subgroup 140  62.58+12.58** 108.524-14.51** 120.13420.18*
Benign breast disease subgroup 120 18.754+4.35* 36.1246.13* 48.22+7.88*
Control subgroup 120 14.66+3.12 15.33+3.46 36.53+5.22

F 1399.00 3413.00 1533.00

p <0.001 <0.001 <0.001

Note: Compared to the control subgroup, * p < 0.05; Compared to the benign breast disease subgroup,

#p < 0.05. CA15-3, cancer antigen 15-3; CA125, cancer antigen 125; TPS, tissue polypeptide specific

antigen; F, Equality of Variances; p, p-value.

Serum Levels of CA15-3, CA125, and TPS

The serum levels of CA15-3, CA125, and TPS were
significantly elevated in the breast cancer subgroup com-
pared to the benign breast disease and control subgroups (p
< 0.001). Furthermore, compared to the control subgroup,
the serum levels of CA15-3, CA125, and TPS were higher
in subjects with benign breast lesions (p < 0.05). The serum
levels of CA15-3, CA125, and TPS are shown in Table 1.

Correlation between Serum Levels of CA15-3,
CA125, TPS and Clinicopathological Factors of
Breast Cancer

There was no association between serum levels of
CA15-3, CA125, and TPS and patient age, menstrual sta-
tus, and tumor size in subjects with breast cancer (p >
0.05). However, these tumor markers significantly cor-
related with pathological type, TNM stage, lymph node
metastasis, and histological grade (p < 0.05, p < 0.001).
Furthermore, compared to the intraductal carcinoma sub-
group, TNM stage I-II stage subgroup, subgroup without
lymph node metastasis, and histological grade I-II grade
subgroup, the serum levels of CA15-3, CA125, and TPS
were substantially higher in the invasive ductal carcinoma
subgroup, TNM stage III-IV stage subgroup, lymph node
metastasis subgroup, and histological grade III grade sub-
group (p < 0.05). The correlation of tumor markers with
clinicopathological factors is presented in Table 2.

Risk Assessment of Breast Cancer

Based on the findings presented in Tables 1,2, multi-
variate analysis (Table 3) was conducted to assess the corre-
lation between elevated levels of CA15-3, CA125, and TPS
and breast cancer risk. High levels of CA15-3, CA125, and
TPS were observed as risk factors for breast cancer (p <
0.05).

The Correlation between Serum CA15-3, CA125, and
TPS Levels and Breast Cancer Prognosis

The serum levels of CA15-3, CA125, and TPS were
divided into high-level and low-level subgroups based on
median values of 43.35, 67.45, and 85.8, respectively. The
3-year survival of breast cancer patients was assessed uti-
lizing the Kaplan-Meier method. We observed that study

subjects with low levels of CA15-3 (n = 70), CA125 (n =
70), and TPS (n = 70) exhibited substantially high proba-
bility of survival compared to those in the high CA15-3 (n
=70), high CA125 (n = 70), and high TPS (n = 70) sub-
groups (p < 0.05). The correlation between serum tumor
marker levels and the prognosis of breast cancer is shown
in Figs. 1,2,3.
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Fig. 1. Survival curve of high CA15-3 level subgroup and low
CA15-3 level subgroup (c¢? =5.665, p = 0.017).

Discussion

With the growth of aging, the change of lifestyle and
the increase of work pressure, breast cancer has become
a significant threat to women’s lives and health globally
[10]. In 2000, there were about 1.05 million women with
breast cancer in the world, which increased to 2.09 million
in 2018. The cumulative risk of disease and death from 0
to 74 years old was up to 5.03% and 1.41%, respectively
[11]. The incidence of breast cancer has been associated
with age, diet, life style, and family history, highlighting
the significance of women’s participation in breast cancer
screening [12]. Imaging examination (such as breast X-ray,
ultrasound, MRI) is the main method for clinical diagnosis
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Table 2. Association between serum levels of CA15-3, CA125, TPS and clinicopathological factors of breast cancer patients.

CA15-3 (U/mL) CA125 (U/mL) TPS (U/L)
Factors n
TEs t p TS t p TEs t p
Age
<50 years old 71  60.66+14.12 106.87+10.88 117.574+19.78
1.863  0.065 1.380 0.170 1.543 0.125
>50 years old 69  64.56+10.3 110.22+17.22 122.77420.1
Menstrual status
Menopause 76 60.78+13.76 106.484+-10.67 117.394 19.39
1.880 0.062 1.845 0.067 1.782 0.077
Premenopausal 64 64.73+10.51 110.95+17.64 123.40420.45
Pathological type
Intraductal carcinoma 43 54.63+10.22 104.164+10.19 113.90£15.10
. . 5.514 <0.001 2.425 0.017 2495 0.014
Invasive ductal carcinoma 97 66.114+11.83** 110.46£15.61%* 122.904+21.39*
Tumor size
<S5cm 75  60.77+13.85 106.56+10.72 117.344 19.52
1.859 0.065 1.746 0.083 1.778 0.078
>5cm 65 64.67+10.43 110.79+17.55 123.364+20.29
TNM stage
I-1I stage 94  60.63+13.15 106.69411.30 117.47+17.91
2.700 0.008 2.184 0.031 2.287 0.024
11V stage 46 66.574+10.05* 112.27+18.82 125.59423.04
Lymph node metastasis
No 81 60.76+13.58 106.474+10.61 117.25+18.82
2.048 0.042 2.001 0.047 2.017 0.046
Yes 59 65.09+10.42* 111.354+18.10* 124.09+21.11*
Histological grade
I-1I grade 79  60.72+13.71 106.374+10.70 117.174+19.05
2.032  0.044 2.026 0.045 2.007 0.047
III grade 61 65.00+£10.34* 111.294+17.83* 123.954+20.78*

* means p < 0.05, ** means p < 0.001. TNM, tumor node metastasis.

Table 3. Multivariate analysis of risk factors for breast cancer.

95% CI for EXP (B)

Variables B S.E. Wald Sig. EXP (B)

Lower Upper
TPS 0.038  0.010 13.603  0.000 1.039 1.018 1.060
CA15-3 0.044  0.016 6.981 0.008 1.044 1.011 1.079
CA125 0.063  0.005 135.454  0.000 1.065 1.054 1.077
Menstrual status ~ 0.486  0.799 0.370 0.543 1.625 0.340 7.775
Constant -4.985 0.446 124716  0.000 0.007

B, B value; S.E., standard error; CI, confidence interval; EXP (B), exponent of B.

of breast cancer, combined with breast tissue biopsy for di-
agnosis, but the examination cost is high, it needs a simple
and ecasy way to assist diagnosis, treatment, and prognosis
[13,14].

The abnormal expression of serum tumor markers is
associated with tumorigenesis, serving as a guide for di-
agnosing, treating, and predicting the prognosis of malig-
nant tumors [15]. Common serum tumor markers such as
CA15-3, CA125, and TPS are frequently used in clinical
settings. CA15-3 is a high molecular glycoprotein normally
found only on the surface of mammary epithelial cells in
low levels within the bloodstream. However, in the case
of breast cancer, CA15-3 is overexpressed in breast cancer
cells, leading to abnormally increased serum levels. The
severity of breast cancer is linked to its elevated serum lev-
els [16,17]. CA125 is predominantly distributed on the sur-
face of mesothelial cells. Usually, due to the barrier of

basement membrane, CA125 cannot enter the blood nor-
mally, and the serum concentration is low. Once malig-
nant change occurs, the cells expressing CA125 will depo-
larize and CA125 will enter the blood circulation, and the
serum content will increase [18,19]. Previous research [20]
has shown that CA125 has significant diagnostic value for
breast cancer, endometrial cancer, and ovarian cancer, and
it can also predict the patient’s metastasis. TPS mainly re-
flects the division and proliferation of tumor cells, indicat-
ing high expression in malignant tumor tissues and serum
[21]. Our findings revealed that the levels of serum CA15-
3, CA125, and TPS in breast cancer subgroup were signif-
icantly higher compared to those in the benign breast dis-
ease subgroup and control subgroup. These observations
indicate that the abnormal expression of serum CA15-3,
CA125, and TPS in the breast cancer patients may be cor-
related with the occurrence and progression of breast can-
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Fig. 2. Survival curve of high CA125 level subgroup and low
CA125 level subgroup (c¢? = 4.370, p = 0.037).
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Fig. 3. Survival curve of high TPS level subgroup and low TPS
level subgroup (¢ = 7.608, p = 0.006).

cer. Several studies [22-24] have confirmed that the serum
CA15-3, CA125, TPS levels in breast cancer patients are in-
creased, and the postoperative expression level is reduced,
which can be used as diagnostic and therapeutic monitoring
indicators for breast cancer.

CA15-3, CA125, and TPS are typical prognostic
markers for breast cancer; however, few studies have inves-
tigated their relationship with clinicopathological factors.
Furthermore, our study demonstrated that serum CA15-3,
CA125, and TPS levels were not correlated with age, men-
strual status, or tumor size, but were associated with patho-
logical type, TNM stage, lymph node metastasis, and his-
tological grade. Previous studies [25,26] have reported that
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age and menopause are important factors in the incidence
of breast cancer, the older the age, the higher the risk of
disease. Compared to premenopausal women, the preva-
lence rate of postmenopausal women increased by 50%.
However, there was no obvious correlation with the serum
tumor markers, that is, the severity of the disease. Com-
pared to intraductal carcinoma, invasive ductal carcinoma
has stronger ability to destroy basement membrane, metas-
tasize and invade, and its condition is more serious and
complex, so the serum CA15-3, CA125 and TPS levels are
higher [27]. Previous reports [28—30] have indicated the
significance of serum CA15-3, CA125, and TPS in scor-
ing clinical staging, histological grading, recurrence, and
breast cancer metastasis. CA15-3 has certain clinical value
for postoperative recurrence and metastasis of breast can-
cer. The more metastatic lesions and the wider the scope,
the higher the level of CA15-3. CA125 is an ovarian asso-
ciated antigen, which is highly expressed in ovarian cancer
patients, but CA125 has certain application value in the di-
agnosis of breast cancer. The level of TPS can reflect the
activity of tumor division and proliferation [31]. After tu-
mor cell division, a large amount of TPS is released into
the blood. In the active stage of proliferation, serum TPS is
highly expressed, which fully indicates the biological sta-
tus of the tumor. The higher levels of these markers lead
to more severe disease progression. After adjustment for
menstrual status, multivariate Logistic regression analysis
showed high CA15-3, CA125, and TPS levels as indepen-
dent risk factors for the prognosis of breast cancer, suggest-
ing their use as prognostic indicators. A study conducted by
Wang et al. [32] has shown that the combined evaluation of
serum tumor markers, specifically CA15-3, CA125, TPS,
and carcinoembryonic antigen (CEA) can predict postoper-
ative lymph node metastasis in breast cancer patients, guid-
ing clinical treatment decision and prognosis evaluation.
This 3-year follow-up study demonstrated that the survival
probability of the low CA15-3 level subgroup, low CA125
level subgroup and low TPS level subgroup was signifi-
cantly improved. These findings indicate that serum CA15-
3, CA125, and TPS can be used as prognostic indicators for
breast cancer. However, this study also has some limita-
tions due to the sensitivity of prognostic markers to decrease
significantly with longer follow-up, the sample size will be
expanded for further study.

Conclusion

In summary, elevated serum levels of CA15-3,
CA125, and TPS in breast cancer patients are correlated
with pathological type, TNM stage, lymph node metastasis,
and histological grading. These markers can also provide a
reference for the prognosis of subjects.
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