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Abstract. Minimally invasive biomarkers that complement 
imaging may improve risk stratification in patients presenting 
with unilateral nipple discharge. The present study evaluated 
the diagnostic performance of tumor‑abnormal protein (TAP), 
tumor‑associated material (TAM), carbohydrate antigen 125 
(CA125) and cancer antigen 153 (CA153) for breast cancer, 
individually and in combination, with a particular emphasis 
on stage  I disease. The present retrospective single‑center 
study included 104 untreated patients with breast cancer 
and unilateral nipple discharge, including 25 patients with 
stage I disease, and 99 healthy controls. TAP, TAM, CA125 
and CA153 were measured using standardized laboratory 
assays. Group differences were assessed using parametric or 
non‑parametric statistical tests as appropriate. Receiver oper‑
ating characteristic analyses were performed for individual 
biomarkers, whereas a multivariable logistic regression model 
was used for the combined panel. Optimal cut‑off values were 
determined by maximizing Youden's index. TAP and TAM 
levels were significantly higher across all breast cancer stages 
compared with healthy controls, whereas CA125 and CA153 
showed weaker stage‑specific differences. For comparing all 

breast cancer cases with controls, the area under the curve 
(AUC) values for TAP, TAM, CA125, CA153 and the combined 
model were 0.919, 0.862, 0.648, 0.607 and 0.963, respectively. 
For distinguishing stage I breast cancer from controls, the 
corresponding AUC values were 0.923, 0.891, 0.552, 0.531 
and 0.959. Furthermore, the combined model achieved 92.0% 
sensitivity and 93.9% specificity for stage I disease. TAP and 
TAM biomarkers provided stronger diagnostic discrimina‑
tion than conventional tumor antigens, and their integration 
with CA125 and CA153 improved diagnostic identification 
of early‑stage breast cancer compared with single‑biomarker 
assays. As such, the combined panel may serve as an adjunc‑
tive risk‑stratification tool in symptomatic patients with breast 
cancer, although prospective validation against benign breast 
disease is required.

Introduction

Breast cancer remains a major challenge to women's health 
because of its high incidence, and early detection and timely 
diagnosis are important for improving clinical outcomes 
and reducing breast cancer mortality (1,2). In 2022, female 
breast cancer accounted for ~2.3 million new cases of cancer 
worldwide, making it one of the most frequently diagnosed 
malignancies among women globally  (1). In China, breast 
cancer was responsible for 429,105 instances of new cancer 
diagnoses in 2022, exhibiting a notable increase compared 
with previous years (3). International cancer‑control strategies 
emphasize early detection, timely diagnosis and accessible 
clinical management as key components for reducing breast 
cancer mortality and improving long‑term patient 
outcomes (4). These requirements are particularly relevant 
for patients presenting with suspicious breast‑related symp‑
toms, such as unilateral nipple discharge, for whom efficient 
and minimally invasive diagnostic support may help guide 
subsequent imaging, pathological evaluations and clinical 
decision‑making (5).

Currently, breast cancer diagnosis relies on an integrated 
approach that combines clinical examination, imaging 
assessment, histopathological confirmation and molecular 
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characterization (6). Mammography remains a cornerstone of 
population‑based breast cancer screening. Current recommen‑
dations support regular mammographic screening beginning 
at ~40 years of age; for example, the US Preventive Services 
Task Force recommends biennial screening for women aged 
40‑74  years, while the American Cancer Society recom‑
mends that women aged 40‑44 years have the option to begin 
annual screening and that regular annual screening begin at 
age 45 years  (7,8). However, imaging‑based breast‑cancer 
detection can be affected by breast density, lesion size, lesion 
location, patient age and differences in clinical resources. 
Dense breast tissue, for example, may reduce the sensitivity 
of mammography and has also been associated with an 
increased risk of breast cancer (7). For patients with patho‑
logical nipple discharge, diagnostic evaluation often requires 
a combination of mammography, ultrasonography, magnetic 
resonance imaging, duct‑related assessments and pathological 
examination when clinically indicated (5,9). Therefore, given 
that the diagnostic evaluation of unilateral nipple discharge 
often relies on a combination of imaging modalities and 
pathological assessment, complementary biomarkers that are 
convenient, reproducible and minimally invasive may provide 
additional value in clinical risk stratification without replacing 
established diagnostic methods.

Serum tumor biomarkers are widely used in oncology 
because they can ref lect tumor‑associated biological 
alterations through relatively simple laboratory testing. 
Conventional markers, including carbohydrate antigen 125 
(CA125) and cancer antigen 153 (CA153), have been applied 
to breast cancer monitoring, treatment‑response assessment 
and recurrence surveillance (10,11). However, the diagnostic 
performance of CA153 and related circulating tumor markers 
in early breast cancer is limited, largely because of their 
insufficient sensitivity and specificity in patients with low 
tumor burden. Accordingly, clinical recommendations have 
advised against using these markers alone for breast cancer 
screening or diagnosis (10,12). These limitations have encour‑
aged the development of multi‑marker strategies that combine 
conventional tumor antigens with biomarkers reflecting 
broader tumor‑associated metabolic and glycosylation‑related 
changes (13,14).

Tumor‑abnormal protein (TAP) and tumor‑associated 
material (TAM) are two potential auxiliary indicators that may 
capture biochemical alterations associated with malignant trans‑
formation. TAP reflects abnormal glycoprotein‑related changes 
and has been investigated as a diagnostic biomarker in patients 
with breast masses, showing potential value for distinguishing 
breast cancer from benign conditions  (15). TAM has also 
been evaluated alongside conventional serum tumor markers 
in patients with malignant tumors, and has been reported to 
provide additional diagnostic information in comparison with 
routinely used biomarkers (16). Although much of the existing 
evidence supporting these indicators remains exploratory, the 
biological rationale for TAP and TAM as tumor biomarkers is 
consistent with the increasing recognition that aberrant glyco‑
sylation, altered sialylation and abnormal carbohydrate‑chain 
structures are involved in tumor progression, invasion, immune 
escape and clinically measurable serum signatures  (17‑20). 
Thus, combining TAP, TAM, CA125 and CA153 may provide a 
broader diagnostic signal than any single marker alone.

Despite the clinical appeal of serum tumor markers, their 
value in early breast cancer diagnosis remains insufficiently 
defined. Namely, CA125 and CA153 are accessible and 
routinely measurable, but their limited sensitivity and speci‑
ficity as biomarkers restrict their usefulness as independent 
early diagnostic indicators (10). Notably, TAP and TAM may 
reflect broader tumor‑associated biochemical alterations, 
particularly changes in glycoproteins and glycosylation 
patterns, rather than relying solely on the detection of specific 
tumor‑associated antigen epitopes (17,21). However, evidence 
regarding their stage‑specific diagnostic performance in breast 
cancer, especially in patients with stage I disease, remains 
limited. Additionally, although previous studies have evalu‑
ated combinations of circulating biomarkers for improving 
breast cancer detection, evidence regarding the combined 
diagnostic performance of TAP, TAM, CA125 and CA153 
remains limited  (13,22). In the present study, biomarkers 
were measured before anticancer or hormonal therapy to 
minimize potential treatment‑related alterations in circulating 
biomarker levels and to assess their diagnostic performance 
at baseline. The limited evidence regarding the diagnostic 
performance of the combined TAP, TAM, CA125 and CA153 
panel in treatment‑naïve patients is clinically relevant because 
early‑stage breast cancer may present with subtle symptoms, 
and a minimally invasive serum biomarker panel could 
provide complementary information for initial risk stratifica‑
tion and diagnostic decision‑making before treatment, without 
replacing imaging or histopathological confirmation.

The present study aimed to evaluate the diagnostic value 
of serum TAP, TAM, CA125 and CA153, both individually 
and in combination, in patients with breast cancer. Using 
pre‑treatment serum samples from patients with breast cancer 
and healthy controls, the present retrospective study compared 
biomarker levels between groups and assessed the diagnostic 
performance of these biomarkers through receiver operating 
characteristic (ROC) curve analysis. Particular attention was 
given to the diagnostic efficacy of these biomarkers in patients 
with stage I breast cancer to determine whether this biomarker 
panel exhibited potential value for early diagnostic support.

Materials and methods

Study participants. The retrospective analysis employed a 
convenience sampling approach to identify patients with breast 
cancer and healthy controls at The Fifth Clinical Medical 
College of Henan University of Chinese Medicine (Zhengzhou 
People's Hospital) (Zhengzhou, China), between January 2022 
and April 2024. Patients with breast cancer were identified 
from individuals receiving clinical evaluation and treatment at 
the hospital, whereas healthy controls were recruited from indi‑
viduals undergoing routine physical examinations during the 
same period. The inclusion criteria for healthy controls were: 
i) Individuals undergoing routine physical examination during 
the study period; ii) no known history of malignant disease; 
iii) no clinically diagnosed breast disease; and iv) availability 
of the biomarker measurements required for the present anal‑
ysis. For the healthy control cohort, the exclusion criteria were: 
i) A known history of malignant disease; ii) clinically diag‑
nosed breast disease; or iii) incomplete biomarker or clinical 
data required for the present analysis. The inclusion criteria 
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for the breast cancer cohort included: i) Histopathologically 
confirmed breast cancer, with tumor classification based 
on the World Health Organization classification of breast 
tumors (23); ii) the presence of unilateral nipple discharge; 
iii) availability of the clinical, pathological and laboratory data 
required for the present study, including TAP, TAM, CA125 
and CA153 measurements, age at diagnosis, tumor site and 
size, histological grade, TNM stage, recurrence and metastatic 
status, and estrogen receptor, progesterone receptor, human 
epidermal growth factor receptor 2 and Ki‑67 status; and iv) no 
prior anticancer or hormonal therapy. Histological grading 
was performed according to the Nottingham modification of 
the Scarff‑Bloom‑Richardson system (24), and TNM staging 
was assigned according to the eighth edition of the American 
Joint Committee on Cancer staging system (25). For the breast 
cancer cohort, exclusion criteria were: i) The presence of 
additional systemic malignancies; ii) incomplete clinical data; 
or iii) pituitary prolactinoma or other neoplasms associated 
with lactation. Ethical approval was granted by the ethics 
committee of The Fifth Clinical Medical College of Henan 
University of Chinese Medicine (Zhengzhou, China; approval 
no. 2024011194), and written informed consent to participate 
in the study was obtained from all patients. A total of 203 
participants were included in the present study, comprising 
104 patients with breast cancer and 99 healthy controls. The 
breast cancer group consisted of 1 male patient and 103 
female patients. Age data were available for 102  patients 
with breast cancer, whose median age was 50.5 years (range, 
25‑84 years). The healthy control group consisted of 99 female 
patients and no male patients, with a median age of 44 years 
(range, 13‑83 years).

Biomarker measurements. All blood samples from patients 
with breast cancer were collected prior to the initiation of any 
anticancer or hormonal therapy. Samples from healthy controls 
were collected on the day of routine physical examination.

Measurement of CA125 and CA153. Fasting venous blood 
was collected once from each participant between 6:00 and 
8:00 a.m. at the baseline assessment. This single blood‑draw 
session provided the samples required for all biomarker assays, 
with aliquots collected or processed according to the specific 
requirements of the TAP, TAM, CA125 and CA153 assays. 
No repeated or serial blood sampling was performed. A total 
of 3 ml venous blood was collected into dry additive‑free 
tubes and centrifuged at 1,200 x g for 15 min at 4˚C. The 
separated serum was used for biomarker measurement. Serum 
CA125 and CA153 concentrations were measured using an 
AutoLumo A2000 Plus chemiluminescence analyzer, and 
the corresponding CA125 magnetic microparticle chemilu‑
minescence assay kit (cat. no. 06970150900151) and CA153 
magnetic microparticle chemiluminescence immunoassay kit 
(cat. no. 06970150904913) supplied by Autobio Diagnostics 
Co., Ltd. All procedures were conducted in accordance 
with the operating instructions of the analyzer and assay‑kit 
manufacturers.

Measurement of TAP. The Abnormal Glycoprotein (TAP) 
Detection Kit (cat. no.  06975865440114) was supplied by 
Zhejiang Ruisheng Medical Technology Co., Ltd. For the TAP 

assay, venous blood was collected into heparin‑containing 
tubes to prevent clot formation and preserve the whole‑blood 
sample required for the slide‑based aggregation assay. A 
25‑µl aliquot of heparin‑anticoagulated whole blood was 
then spread evenly over more than two‑thirds of a glass 
slide. Lectin‑containing reagents, including concanavalin A, 
Datura  stramonium agglutinin, Lens  culinaris agglutinin 
and E‑type Phaseolus  vulgaris erythroagglutinin, were 
subsequently added to the slide. The slides were allowed to 
stand at room temperature for 2 h to permit the formation of 
circular aggregated particles. Particle images were acquired 
using a light microscopy‑based RS‑2011ATAP integrated 
slide‑reading system (Zhejiang Risheng Medical Technology 
Co., Ltd.), and the areas of the aggregated particles were 
quantified using the system.

Measurement of TAM. A total of 3 ml fasting venous blood 
was collected into dry additive‑free tubes and centrifuged at 
1,200 x g for 10 min. The separated serum was subsequently 
used for TAM measurement. The Serum Tumor‑Associated 
Substance Detection Kit (cat. no. 06975894410003), standards 
and quality‑control materials were supplied by Qingdao 
Bosin Biotechnology Co., Ltd. Absorbance was measured at 
450 nm using a GF‑EⅡ biochemical analyzer manufactured by 
Shandong Gaomi Caihong Analytical Instruments Co., Ltd. 
TAM concentrations were calculated as follows:

TAM concentration=(absorbance of the test sample/mean 
absorbance of the standard) x100  U/ml. All assays were 
performed in accordance with the manufacturers' instructions.

Statistical methods. Statistical analyses were performed 
using SPSS version 19.0 (IBM Corp.) and Python version 
3.12.7 (Python Software Foundation). Python‑based 
analyses were conducted using NumPy version 2.1.0 
(ht tps://numpy.org/doc/2.1/ ),  SciPy version 1.14.1 
(https://docs.scipy.org/doc/scipy‑1.14.1/), statsmodels version 
0.14.4 (https://www.statsmodels.org/v0.14.4/), scikit‑learn 
version 1.5.2 (https://scikit‑learn.org/1.5/) and scikit‑posthocs 
version 0.10.0 (https://pypi.org/project/scikit‑posthocs/0.10.0/). 
All statistical tests were two‑tailed and P<0.05 was considered 
to indicate a statistically significant difference. For the labora‑
tory assays, each measurement was performed in triplicate. No 
repeated biological sampling was performed unless otherwise 
stated.

Continuous variables were analyzed according to their 
distribution. The normality of age data were formally assessed 
using the Shapiro‑Wilk test. Age was approximately normally 
distributed and was therefore presented as the mean ± stan‑
dard deviation. For comparisons between healthy controls 
and patients with breast cancer, age was analyzed using an 
unpaired Welch's t‑test. Comparisons of age among healthy 
controls and patients with stage I, II and III breast cancer were 
performed using one‑way ANOVA, followed by Tukey's post 
hoc test for pairwise comparisons.

Because TAM, CA125 and CA153 concentrations and 
TAP‑aggregate sizes showed non‑normal distributions 
and/or influential outliers, these variables were presented as 
the median and interquartile range. Comparisons between 
healthy controls and patients with breast cancer for these indi‑
cators were performed using the Mann‑Whitney U test. For 
these non‑normal data, comparisons among healthy controls 
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and the three breast cancer stage groups were conducted using 
the Kruskal‑Wallis test, followed by Dunn's pairwise test with 
Holm adjustment for multiple comparisons.

ROC curves were constructed to evaluate the diagnostic 
performance of TAP, TAM, CA125 and CA153 for distin‑
guishing: i) Patients with breast cancer from healthy controls; 
and ii) patients with stage I breast cancer from healthy controls. 
Individual‑marker ROC analyses were performed using all 
available observations for the corresponding biomarker. 
Among the 104 patients with breast cancer, complete TAP, 
TAM and CA125 data were available for all patients, whereas 
CA153 data were unavailable for one patient. Among the 99 
healthy controls, TAP, TAM, CA125 and CA153 data were 
available for 93, 85, 99 and 82 participants, respectively. 
Missing biomarker measurements were not imputed. The 
area under the curve (AUC) values were calculated from the 
ROC curves, and their 95% confidence intervals (CIs) were 
estimated using the DeLong method. The DeLong method 
was used for confidence‑interval estimation only; no formal 
pairwise comparisons of AUC values were performed.

For the combined‑panel analysis, a multivariable binary 
logistic regression model incorporating TAP, TAM, CA125 
and CA153 was constructed. Only participants with complete 
measurements for all four biomarkers were included in the 
combined model. For each participant, the logistic regression 
model generated a predicted probability of breast cancer, 
which was then used as the continuous variable to construct 
the ROC curve for the combined biomarker model.

The optimal cut‑off value for each individual biomarker and 
the optimal predicted‑probability threshold for the combined 
model were selected by maximizing Youden's index, calcu‑
lated as sensitivity + specificity‑1. This criterion was used to 
identify the threshold that provided the best overall balance 
between sensitivity and specificity for distinguishing patients 
with breast cancer from controls.

Results were classified as positive when the biomarker 
value or predicted probability was greater than or equal to the 
corresponding optimal cut‑off. Sensitivity, specificity, posi‑
tive predictive value, negative predictive value and Youden's 
index were calculated at each optimal threshold. The 95% 
CIs for sensitivity, specificity, positive predictive value and 
negative predictive value were estimated using the Wilson 
method. Positive and negative predictive values were calcu‑
lated according to the proportion of breast cancer cases in the 
present analytical dataset and should therefore be interpreted 
as sample‑specific estimates.

Missing observations were analyzed using an available‑case 
approach for individual variables and a complete‑case 
approach for the combined logistic regression models. No 
missing values were imputed.

Results

Basic information and characteristics. The dataset contained 
99 healthy controls and 104  patients with breast cancer, 
including 25 patients with stage I disease, 56 patients with 
stage II disease and 23 patients with stage III disease. As some 
assay results were unavailable in the retrospective records, the 
number of available observations differed according to the 
variable analyzed; missing values were not imputed. Among 

healthy controls, complete data regarding age, TAP‑aggregate 
size, and TAM, CA125 and CA153 concentration were avail‑
able for 99, 93, 85, 99 and 82 participants, respectively. Among 
patients with breast cancer, age was available for 102 patients, 
whereas TAP area, and TAM and CA125 concentration were 
available for 104 patients and CA153 concentration was avail‑
able for 103 patients. Missing observations were not imputed 
(Fig. 1; Tables I and II).

Comparison of TAP, TAM, CA125 and CA153 levels. The 
results showed that the ages of patients with breast cancer 
were significantly higher than those of healthy controls 
(51.20±11.31 vs. 45.62±13.51 years; t, 3.170; P=0.002) (Table I). 
TAP‑aggregate sizes and TAM, CA125 and CA153 levels 
were also significantly higher in patients with breast cancer 
than in healthy controls, with U‑values of 787.0 (P<0.001), 
1,223.0 (P<0.001), 3,627.5 (P<0.001) and 3,319.0 (P=0.013), 
respectively (Fig.  S1; Table  I). Additionally, the overall 
between‑group differences were significant for age (F, 3.337; 
P=0.020), TAP (H, 103.116; P<0.001), TAM (H, 74.126; 
P<0.001), CA125 (H, 17.653; P<0.001) and CA153 (H, 10.086; 
P=0.018) (Table II). The post hoc analyses showed that TAP 
and TAM levels were significantly higher in all three breast 
cancer stage groups compared with healthy controls (Table II). 
CA125 concentration was significantly higher in patients with 
stage II and stage III disease compared with healthy controls, 
whereas the difference between patients with stage I disease 
and healthy controls was not statistically significant (Table II). 
CA153 concentration was significantly higher in patients with 
stage III breast cancer than in healthy controls, whereas CA153 
concentration in patients with stage I and stage II disease did 
not differ significantly from the control group (Table II). For 
age, a significant difference was only observed between the 
stage II breast cancer group and healthy controls (Table II). 
Notably, TAM levels in the stage I breast cancer cohort were 
significantly higher compared with those in the healthy 
controls and the stage II and III cohorts (Table II).

Diagnostic value of single and combined detection of 
TAP, TAM, CA125 and CA153 in stage I breast cancer. For 
comparisons between all breast cancer cases and healthy 
controls, the AUC values for models based on TAP, TAM, 
CA125 and CA153, as well as the combined model, were 
0.919 (95% CI, 0.881‑0.957), 0.862 (95% CI, 0.812‑0.912), 
0.648 (95% CI, 0.572‑0.723), 0.607 (95% CI, 0.525‑0.689) 
and 0.963 (95% CI, 0.939‑0.987), respectively (Fig. 2). The 
corresponding optimal cut‑off values, determined by maxi‑
mizing Youden's index, were 106.00 µm2, 87.70, 17.28 and 
14.19 U/ml for TAP, TAM, CA125 and CA153, respectively, 
and the optimal predicted‑probability cut‑off for the combined 
logistic regression model was 0.60 (Table SI). For stage I breast 
cancer vs. healthy controls, the AUC values for TAP, TAM, 
CA125, CA153 and the combined model were 0.923 (95% 
CI, 0.857‑0.989), 0.891 (95% CI, 0.817‑0.965), 0.552 (95% CI, 
0.413‑0.690), 0.531 (95% CI, 0.393‑0.668) and 0.959 (95% CI, 
0.913‑1.000), respectively (Fig. 3). The corresponding optimal 
cut‑off values were 118.00 µm2, 89.70, 15.99, 17.56 U/ml and 
a predicted‑probability threshold of 0.2878 for the combined 
model (Table SI). At this optimal threshold, the combined 
model achieved a sensitivity of 92.0% and a specificity of 
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Figure 1. Flow diagram of participant inclusion and statistical analyses in the present study. A total of 203 participants were included in the present retrospec‑
tive study, comprising 99 healthy controls and 104 patients with breast cancer. The breast cancer group included 25 patients with stage I disease, 56 patients 
with stage II disease and 23 patients with stage III disease. As some biomarker measurements were missing, sample sizes differed among individual‑marker 
analyses; individual biomarkers were analyzed using all available observations, whereas the combined logistic regression models included only participants 
with complete data for TAP, TAM, CA125 and CA153. Missing values were not imputed. ROC, receiver operating characteristic; TAP, tumor‑abnormal 
protein; TAM, tumor‑associated material; CA125, carbohydrate antigen 125; CA153, cancer antigen 153.

Table I. Comparison of age and biomarker levels between healthy controls and patients with breast cancer.

Variable	 Healthy controls (overall n=99)	 Breast cancer (overall n=104)	 Test statistic	 P‑value

Age, years	 45.62±13.51 (n=99)	 51.20±11.31 (n=102)	 t=3.170	 0.002
TAP, µm2	 83.00 [72.00,98.00] (n=93)	 135.00 [113.67,160.75] (n=104)	 U=787.0	 <0.001
TAM, U/ml	 80.10 [74.50,86.30] (n=85)	 91.95 [86.05,97.08] (n=104)	 U=1,223.0	 <0.001
CA125, U/ml	 10.75 [7.17,13.46] (n=99)	 13.05 [9.01,18.93] (n=104)	 U=3,627.5	 <0.001
CA153, U/ml	 11.44 [9.17,14.91] (n=82)	 14.53 [10.28,19.99] (n=103)	 U=3,319.0	 0.013

Values are presented as mean ± standard deviation for age and median [quartile 1, quartile 3] regarding biomarkers. Age was compared using 
Welch's independent‑samples t‑test, whereas biomarkers were compared using the Mann‑Whitney U test. The number in each cell represents 
the available sample size. Missing values were not imputed. TAP, tumor‑abnormal protein; TAM, tumor‑associated material; CA125, carbohy‑
drate antigen 125; CA153, cancer antigen 153.
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93.9% for distinguishing patients with stage I breast cancer 
from healthy controls (Table SI).

Discussion

The present study evaluated the diagnostic performance of 
serum TAP, TAM, CA125 and CA153 in untreated patients 
with breast cancer, with particular emphasis on stage I 
disease. The findings indicated that TAP aggregation and 
TAM concentration levels reflected diagnostically informa‑
tive tumor‑associated biochemical alterations in early‑stage 
breast cancer, whereas diagnostic models based on CA125 
or CA153 provided limited discriminatory power between 
patients with stage I breast cancer and controls. The combined 
diagnostic model integrating the four aforementioned markers 
demonstrated the strongest capacity to differentiate between 
patients with breast cancer and healthy controls. These results 
supported the efficacy of a complementary biomarker strategy, 
in which indicators of aberrant glycosylation were combined 
with conventional circulating tumor antigens to improve 
auxiliary diagnostic assessment.

The notable diagnostic performance of TAP and TAM was 
biologically plausible because malignant transformation is 
accompanied by notable protein remodeling via glycosylation, 
glycan branching, fucosylation and terminal sialylation (26). 
These alterations have been shown to arise from changes in 
glycosyltransferase activity, substrate availability, Golgi orga‑
nization, tumor metabolism, and the release or shedding of 
glycoproteins into the circulation. Notably, aberrant glycans 
are not merely secondary products of tumor growth, as they 
have been shown to regulate receptor signaling, cell adhesion, 
extracellular‑matrix interactions, invasion and immune recog‑
nition (17,19,20). The biomarkers TAP, which was detected 
through the aggregation of abnormal sugar‑chain glycopro‑
teins, and TAM, which incorporated measurements associated 
with sialic acid and hydroxyproline (16), therefore interrogated 
a broader biochemical phenotype than markers discriminating 
a single antigen. Their marked elevation in stage I disease 
suggested that systemic glycoprotein and carbohydrate‑chain 
abnormalities can become detectable before the development 
of a large tumor burden. This interpretation was consistent with 
the results of glycomic serum studies, which have shown that 
breast cancer pathogenesis is associated with altered N‑glycan 
branching and sialylation patterns and that these patterns vary 
across tumor stages and molecular subtypes (27,28).

By contrast, the modest diagnostic performance of CA125 
and CA153 in stage I breast cancer was consistent with their 
established clinical limitations. CA153 is a circulating tumor 
marker that primarily detects epitopes associated with mucin 
(MUC)1, whereas CA125 detects epitopes associated with 
MUC16. The circulating concentrations of these markers may 
be influenced by tumor‑associated antigen expression and 
shedding, as well as by tumor burden and access of shed anti‑
gens to the circulation (29,30). Early‑stage localized tumors 
may release insufficient levels of these antigens to clearly 
differentiate the early pathological state from the physiological 
range. Consequently, CA153 is used principally for disease 
monitoring and the evaluation of advanced or recurrent 
breast cancer rather than population screening or initial diag‑
nosis (10). Furthermore, meta‑analysis results have indicated 
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that increases in CA153 levels are more closely associated with 
increasing disease stage and tumor burden than with the pres‑
ence of small, localized tumors (31). An important feature of 
the data generated in the present study was that, compared with 
controls, statistically significant increases in median CA125 
and CA153 concentrations in patients with stage I breast cancer 
did not translate into useful individual‑level discriminatory 
power, as reflected by AUC values close to 0.5. This apparent 
discrepancy exemplified the fact that a significant difference 
in group averages can coexist with notable overlap between 
patient and control distributions. The statistical significance 
of differences between values alone should therefore not be 
interpreted as evidence of clinical diagnostic utility.

The stage‑specific behavior of TAM requires a different 
interpretation from that of a conventional tumor‑burden 
marker. Unlike TAM, which was highest in the stage I breast 
cancer subgroup and did not show a monotonic stage‑dependent 
pattern, CA153 tended to be higher in the more advanced‑stage 
groups, whereas TAP and CA125 did not exhibit a strictly 
monotonic increase across disease stages. This finding 
suggests that TAM may not be a reliable surrogate marker 

for tumor volume or disease progression. Instead, this early 
peak in TAM levels may reflect early host‑tumor interactions, 
extracellular‑matrix remodeling, inflammatory glycoprotein 
turnover or stage‑dependent changes in sialylated molecules. 
A previous study has demonstrated that TAM levels can be 
used to distinguish patients with malignant tumors from 
non‑cancer populations (16); however, its tissue specificity 
and the specific molecular components contributing to the 
measured TAM signal remain incompletely characterized. 
The non‑monotonic pattern observed in the present cohort may 
also have been influenced by the limited numbers of patients 
with each individual stage of breast cancer that were included 
in the present study, as well as by variation in histological 
or molecular subtype. Accordingly, the results of the present 
study supported the diagnostic relevance of TAM in early 
disease but did not indicate that TAM would be applicable as 
a marker of breast cancer progression. Future studies should 
determine which specific proteins and glycan structures within 
the molecular components contributing to the TAM signal are 
responsible for the measured TAM levels and whether these 
components differ among breast cancer subtypes.

Figure 2. ROC curves of TAP, TAM, CA125, CA153 and the combined biomarker model for distinguishing patients with breast cancer from healthy controls. 
AUC and 95% CI values are shown for each individual biomarker and the combined model. The diagonal dashed line represents the reference line. ROC, 
receiver operating characteristic; AUC, area under the curve; CI, confidence interval; TAP, tumor‑abnormal protein; TAM, tumor‑associated material; CA125, 
carbohydrate antigen 125; CA153, cancer antigen 153.
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The superior performance of the combined panel 
compared with individual‑biomarker models most likely 
reflected the biological complementarity of these biomarkers 
rather than equivalent contributions from all four markers. 
TAP and TAM can be used to detect broad abnormali‑
ties in circulating glycoproteins and carbohydrate‑related 
materials, whereas CA125 and CA153 quantify defined 
tumor‑associated antigenic epitopes  (32,33). A patient 
with limited release of conventional antigens could still 
exhibit detectable systemic glycosylation abnormalities. 
By contrast, another patient with less pronounced changes 
to TAP or TAM could be identified through the eleva‑
tion of tumor‑associated antigen levels. This principle 
is consistent with previous evidence that the addition of 
TAP to diagnostic panels involving CA125, CA153 and 
other conventional markers increases diagnostic sensitivity 
compared with single‑marker testing (15). More broadly, 
glycan‑based biomarkers have been shown to improve 
diagnostic specificity by distinguishing cancer‑associated 
glycoforms from the corresponding proteins present under 
physiological conditions (21,34).

Previous glycovariant studies have further supported 
the glycoform‑specific diagnostic capacity of CA153. A 
study reported by Choi et al (35) showed that detecting the 
glycosylation status of CA153 with an antibody‑lectin assay 
improved the discrimination of patients with breast cancer 
from non‑cancer controls compared with conventional 
measurement of the protein epitope alone. A subsequent study 
using an N‑glycolylneuraminic acid‑specific lectin to detect 
an aberrantly sialylated CA153 glycoform reported notable 
improvements to cancer‑classification performance compared 
with a routine CA153 assay and identified notable differences 
in glycoprotein sialylation even in early‑stage disease (36). 
These observations demonstrated that the limited sensitivity 
of conventional CA153‑based assays does not necessarily 
indicate that samples for which negligible signals are detected 
exhibit an absence of tumor‑specific circulating MUC1‑related 
signals, only that conventional assays may fail to capture 
the most disease‑specific glycoforms. Proteomic evidence 
identifying abnormally glycosylated proteins in early breast 
cancer has also provided a rationale for refining these broad 
assays into more precisely defined biomarker signatures (14). 

Figure 3. ROC curves of TAP, TAM, CA125, CA153 and the combined biomarker model for distinguishing patients with stage I breast cancer from healthy 
controls. AUC and 95% CI values are shown for each individual biomarker and the combined model. The diagonal dashed line represents the reference line. 
ROC, receiver operating characteristic; AUC, area under the curve; CI, confidence interval; TAP, tumor‑abnormal protein; TAM, tumor‑associated material; 
CA125, carbohydrate antigen 125; CA153, cancer antigen 153.
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The present study extended this concept through a clinically 
accessible panel that integrated broad glycoprotein abnormali‑
ties with routinely tested antigens and did not require mass 
spectrometry or specialized glycoproteomic platforms. This 
analytical simplicity represents a potential advantage of the 
panel, although the specific molecular components measured 
by TAP and TAM and the reproducibility of these assays 
across different laboratories require further investigation.

The high AUC values of the combined‑biomarker panel 
for distinguishing all patients with breast cancer from healthy 
controls (AUC, 0.963) and for distinguishing patients with 
stage  I breast cancer from healthy controls (AUC, 0.959) 
suggest the potential value of this panel as an adjunctive 
test in patients undergoing evaluation for suspicious breast 
symptoms, particularly unilateral nipple discharge. However, 
the panel should not be recommended as an alternative to 
mammography, ultrasonography, magnetic resonance imaging 
or histopathological confirmation. Notably, the most plausible 
clinical role for this biomarker panel is risk stratification, 
helping to identify symptomatic patients who require acceler‑
ated imaging or tissue evaluation or providing complementary 
evidence when initial imaging findings are indeterminate. The 
clinical value of this combined panel will depend not only 
on its discriminatory power but also on: i) The sensitivity of 
the panel at a clinically acceptable specificity; ii) the predic‑
tive values of the panel at the intended disease prevalence; 
iii) analytical cost; iv) reproducibility; and v) whether using 
the panel leads to changes in patient management. The present 
case‑control findings therefore established proof of diagnostic 
potential rather than evidence for population screening.

Advances in breast‑cancer diagnosis have increasingly 
emphasized multimodal and precision‑oriented approaches. 
The integration of photoacoustic imaging with conventional 
diagnostic modalities, such as mammography, ultrasonog‑
raphy and magnetic resonance imaging, has demonstrated 
the potential to improve diagnostic sensitivity, specificity and 
breast‑lesion classification (37). In addition, CD47‑targeted 
positron emission tomography/second near‑infrared window 
f luorescence imaging has shown notable promise for 
precise tumor localization and image‑guided surgery in 
breast cancer, highlighting the value of molecular imaging 
in tumor detection and surgical management (38). Beyond 
imaging, 3D bioprinted breast‑cancer models have been 
developed to more accurately mimic tumor morphology 
and therapeutic responses, providing a potential platform 
for personalized oncology and drug‑sensitivity testing (39). 
Furthermore, recent studies in other cancer types have high‑
lighted the potential of serum‑based metabolic fingerprints 
and nanoparticle‑enhanced mass spectrometry for rapid 
and cost‑effective cancer diagnosis (40,41). These advances 
suggest that, in the future, early breast cancer diagnosis may 
benefit from integrating serum biomarkers, imaging findings, 
metabolic profiling and individualized tumor models. In this 
context, the combined detection of TAP, TAM, CA125 and 
CA153 in patient serum may represent a useful auxiliary 
component of a broader multimodal diagnostic strategy 
rather than a standalone diagnostic method.

Several limitations should be acknowledged regarding the 
present study. Primarily, the present study is a retrospective, 
single‑center study based on convenience sampling, which 

introduces potential selection bias and limits generaliz‑
ability across institutions, ethnicities and assay platforms. All 
patients included in the study presented with unilateral nipple 
discharge; therefore, the findings of the present study primarily 
apply to this symptomatic population and cannot be extrapo‑
lated to asymptomatic screening populations. Furthermore, 
the control group consisted of healthy individuals undergoing 
routine physical examinations rather than patients with benign 
breast diseases or inflammatory conditions. Comparisons with 
healthy controls may have overestimated the diagnostic perfor‑
mance of this assay because the intended clinical task of such 
diagnostic assays is usually to distinguish malignant disease 
from benign breast abnormalities rather than from individuals 
with no breast abnormalities. The inclusion of cohorts with 
fibroadenoma, intraductal papilloma, mastitis, duct ectasia and 
other causes of nipple discharge will be important in future 
studies.

Additionally, the stage I patient subgroup was compara‑
tively small, increasing ambiguity concerning stage‑specific 
estimates and potentially contributing to the non‑monotonic 
TAM pattern observed in the present study. Although 95% 
CIs were reported for the AUC estimates, formal statistical 
comparisons of AUCs between the individual biomarkers and 
the combined panel were not performed, preventing conclu‑
sions regarding the statistical superiority of the combined 
panel. The relatively large variability in CA125 and CA153 
concentrations also highlighted the importance of accounting 
for non‑normal distributions; accordingly, these biomarkers 
were analyzed using the Mann‑Whitney U test for two‑group 
comparisons and the Kruskal‑Wallis test followed by Dunn's 
pairwise test with Holm adjustment for multiple‑group 
comparisons. Furthermore, clinically relevant factors, such as 
menopausal status, menstrual phase, liver and renal function, 
inflammation, molecular subtype, tumor histology, histological 
grade according to the Nottingham grading system and breast 
density, were not incorporated into the diagnostic models of 
the present study. Several of these factors, including meno‑
pausal status, menstrual phase, liver function, renal function 
and systemic inflammation, have been reported to influence 
circulating tumor marker concentrations, particularly CA125 
and CA153, and may therefore have confounded the observed 
associations (42‑45).

Finally, the present study did not include an independent 
validation cohort, longitudinal sampling or direct comparison 
with imaging‑based diagnostic pathways. Future prospective, 
multicenter studies should: i) Use pre‑specified assay thresh‑
olds; ii)  enroll healthy participants, benign breast‑disease 
controls and patients across molecular subtypes of breast 
cancer; and iii) evaluate whether the panel adds diagnostic 
value beyond age, symptoms and imaging findings. Molecular 
characterization of the glycoproteins contributing to TAP and 
TAM signals would further improve biological interpretability 
and facilitate assay standardization.

Finally, the present study predominantly focused on the 
diagnostic value of the combined serum biomarker panel 
and did not evaluate its prognostic efficacy. Although TAP, 
TAM, CA125 and CA153 may have potential value in 
monitoring tumor progression, recurrence, metastasis and 
treatment response, the present retrospective study lacked 
complete long‑term follow‑up data, including disease‑free 

https://www.spandidos-publications.com/10.3892/ol.2026.15915
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survival, recurrence‑free survival, overall survival and 
progression‑related outcomes. Therefore, the prognostic 
value of this combined biomarker panel could not be fully 
assessed. Future prospective studies with larger sample 
sizes and standardized follow‑up are warranted to deter‑
mine whether the combined detection of TAP, TAM, CA125 
and CA153 can serve not only as an auxiliary diagnostic 
tool but also as a prognostic indicator for breast cancer. 
These limitations constrain immediate clinical translation 
but do not diminish the central observation that glycosyl‑
ation‑related serum signals provide notable early‑stage 
diagnostic information.

In conclusion, TAP and TAM demonstrated a greater 
early‑stage diagnostic potential than conventional CA125 and 
CA153, and the integration of these biomarkers yielded a highly 
discriminative auxiliary biomarker panel in the symptomatic 
cohort of the present study. Prospective validation against 
benign breast diseases and the development of expanded multi‑
variable models incorporating the four biomarkers together 
with imaging and clinicopathological variables are required 
to establish whether the strategy evaluated in the present study 
can improve clinical diagnostic decision‑making.
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