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Abstract: Objective: To determine the diagnostic value of multimodal ultrasound combined with tumor markers in 
breast cancer (BC). Methods: A retrospective analysis was conducted on 198 patients with breast lesions treated at 
the Affiliated Wuxi People’s Hospital of Nanjing Medical University between May 2020 and May 2023. All patients 
underwent multimodal ultrasound and tumor marker testing. Among the 198 patients, 88 patients were pathologi-
cally diagnosed with benign disease (benign group) and 110 patients were pathologically diagnosed with malignant 
disease (malignant group). With the pathological results as the gold standard, the benign and malignant results from 
different diagnostic methods were compared, focusing on specificity, sensitivity and accuracy. Results: The areas 
under the curves (AUCs) of carbohydrate antigen 153 (CA153), CA125, and carcinoembryonic antigen (CEA) for di-
agnosing BC were 0.810, 0.812, and 0.790, respectively. When these tumor markers were used in combination for 
diagnosing BC, the AUC increased to 0.928. The AUC of multimodal ultrasound alone in diagnosing BC was 0.845. 
Additionally, the AUC of multimodal ultrasound combined with tumor markers in diagnosing BC reached 0.971, with 
the corresponding specificity, sensitivity and accuracy of 90.00%, 94.43% and 91.92%, respectively. Conclusion: In 
patients with early BC, the combination of multimodal ultrasound and tumor marker detection significantly improves 
the accuracy of diagnosing benign and malignant breast lesions compared to using either modality alone.
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Introduction

Breast cancer (BC) is a prevalent malignant 
tumor globally and remains a leading cause of 
cancer-related mortality [1]. The incidence of 
BC continues to rise, likely influenced by chang-
es in lifestyle. Notably, there is a growing trend 
of BC affecting younger individuals [2]. Early-
stage BC typically refers to cancer detected 
before it has spread beyond the breast or near-
by lymph nodes, without evidence of distant 
metastasis [2]. At this stage, BC does not have 
obvious clinical features, with patients typically 
experiencing only mild symptoms such as local 
discomfort or breast masses, which are fre-
quently overlooked. As a result, many patients 
are diagnosed at a more advanced stage, hav-
ing missed the optimal window for treatment. 
This delay can lead to significant psychological 
distress and an increased risk of mortality [2, 
3]. Thus, it is of profound significance to 
improve the early diagnosis rate of BC.

At the current stage, significant progress has 
been made in the diagnosis and treatment of 
BC, shifting from a generalized approach to per-
sonalized medicine [4]. Among the various diag-
nostic tools available, ultrasound has emerged 
as a crucial adjunctive method for early screen-
ing and diagnosis of BC in clinical practice, 
offering real-time imaging and convenience [5, 
6]. Nevertheless, malignant breast tumors 
exhibit diverse ultrasonographic features, often 
requiring additional information for accurate 
early diagnosis. The utilization of multimodal 
ultrasound, which provides various types of 
ultrasonic imaging information, has gained sig-
nificant popularity in clinical practice [7]. This 
approach combines two or more ultrasound 
examination methods for a multi-angle analy-
sis, thereby enhancing diagnostic accuracy [8]. 
Techniques involved in multimodal ultrasound 
involve two-dimensional ultrasound, color 
Doppler flow imaging, contrast-enhanced ultra-
sound (CEUS), ultrasound elastography (UE), 
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three-dimensional ultrasound, automated bre- 
ast volume scanning (ABVS) and so on [9]. In 
addition to ultrasound, serum tumor markers 
also play a crucial role in the diagnosis of BC. 
Highly sensitive and specific tumor markers are 
conducive to improve the survival rate of BC 
patients and are also helpful to detect the dis-
ease, evaluate the efficacy and judge the prog-
nosis of patients in treatment [10]. Serum 
tumor markers commonly adopted in clinical 
practice include serum carbohydrate antigen 
(CA) 153, CA125 and carcinoembryonic antigen 
(CEA) [11]. Tumor markers, which are present in 
the bloodstream, provide a specific response to 
tumor-related parameters and can be detected 
via biochemical or immunohistochemical meth-
ods [11]. CA125, a glycoprotein antigen, is used 
to diagnose and monitor breast and ovarian 
cancers, showing elevated expression in affect-
ed patients [12]. CEA is an important marker 
for determining malignant tumors [13]. Studies 
have found that CA153, a variant of a glycopro-
tein present on the surface of breast cell mem-
branes, is an effective tumor marker for BC. 
Targeted therapies against CA153 can further 
improve the treatment outcomes of BC and 
extend patients’ survival [14]. Early diagnosis 
of BC can be achieved through a combination 
of ultrasound examination and serum tumor 
markers. Ultrasound technology provides infor-
mation about the morphology and blood flow of 
breast masses, and multimodal ultrasound 
imaging techniques can further improve diag-
nostic accuracy. Meanwhile, serum tumor 
marker testing can assist in screening and 
monitoring early-stage BC. The integrated appli-
cation of these methods can improve the early 
detection rate of BC, thereby better guiding 
patient treatment and management. However, 
while there have been many studies on the use 
of ultrasound or serum tumor markers in the 
diagnosis of BC, there is limited research on 
the value of multimodal ultrasound combined 
with tumor markers for BC diagnosis.

Therefore, this study enrolled a total of 198 
patients with breast lesions who underwent 
multimodal ultrasound examination and tumor 
marker testing (CA153, CA125, and CEA). The 
objective was to investigate the diagnostic 
value of combining multimodal ultrasound with 
tumor markers in detecting BC and to provide 
valuable insights for improving the clinical diag-
nosis of BC.

Materials and methods

Patient data

The data of 198 patients with breast lesions 
treated at the Affiliated Wuxi People’s Hospital 
of Nanjing Medical University between May 
2020 and May 2023 were retrospectively ana-
lyzed in this study. All patients underwent multi-
modal ultrasound (two-dimensional ultrasound, 
CDFI, UE, and ABVS) and tumor marker testing 
(CA153, CA125 and CEA). With pathological 
diagnosis as the gold standard, 88 patients 
were confirmed as having benign disease 
(benign group), and 110 patients were patho-
logically diagnosed with malignant disease 
(malignant group). This study was conducted 
with permission of the Medical Ethics 
Committee of the Affiliated Wuxi People’s 
Hospital of Nanjing Medical University.

Inclusion criteria: (1) Patients who had not 
received any breast-associated therapy before 
the examination; (2) Patients with detailed mul-
timodal ultrasound results; (3) All patients 
included in the study underwent either punc-
ture biopsy or surgical resection for all identi-
fied breast lesions. Tissue samples were col-
lected during these procedures and subjected 
to pathological examination for definitive diag-
nosis. With pathological diagnosis results as 
the gold standard, the lesions were accurately 
diagnosed as benign or malignant nodules; and 
(4) Patients with complete medical data, includ-
ing medical records, past medical history, labo-
ratory and tumor marker test results.

Exclusion criteria: (1) Patients comorbid with 
other malignant tumors; (2) Patients with 
severe dysfunction of vital organs; (3) Patients 
unable to cooperate with the study or those 
who dropped out midway; and (4) Patients dur-
ing pregnancy or lactation.

Methods

Multimodal ultrasound: All patients underwent 
multimodal ultrasound examinations (two-
dimensional ultrasound, CDFI, UE, and ABVS) 
by the same group of medical staff: (1) Two-
dimensional ultrasound: Patients were posi-
tioned supine with the affected breast exposed. 
A Super Sonic Imaging Aix Plorer-SWE color 
Doppler ultrasonic diagnostic apparatus, with a 
probe frequency of 4-15 MHz, was utilized. The 
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entire breast surface was scanned, focusing on 
the four quadrants to assess the shape, size, 
margins, presence of calcifications, and axillary 
lymph nodes associated with the breast 
lesions. (2) Color Doppler Flow Imaging (CDFI): 
CDFI was used to detect blood flow inside and 
around the mass, providing insight into vascu-
larization. (3) Ultrasound Elastography (UE): 
Under the conventional ultrasound mode, nod-
ular lesions with well-defined section were 
selected, and the image was converted to the 
elastography mode. The imaging field included 
the pectoralis major muscle in the background 
and subcutaneous fat in the foreground, with 
both sides of the image exceeding beyond 5 
mm of the lesion. The probe was adjusted in 
time to apply gentle pressure and decompres-
sion, with color distribution displayed on the 
two-dimensional gray scale and elastography 
images according to the pressure index of 
grade 3-4. (4) Automated Breast Volume 
Scanning (ABVS): The ABVS examination was 
performed using Siemens ACUSONABVS ultra-
sound system. The patients were positioned 
supine with their hands raised above their 
heads. Firstly, two-dimensional ultrasound was 
adopted to locate the mass and then the mode 
was switched to the ABVS mode. According to 
the size and location of the breast, the appro-
priate imaging preset was selected, and the 
probe was adjusted to the appropriate angle. 
Appropriate pressure was applied to ensure 
optimal contact with the breast surface. The 
ultrasound probe was secured, and the ABVS 
scan was initiated, lasting 65 seconds. The 
scan captured a maximum breast volume of 
15.40 cm × 16.80 cm × 6.00 cm. Subsequently, 
the acquired data was transferred to a dedicat-
ed workstation for reconstruction and detailed 
analysis.

Multimodal ultrasound was interpreted by two 
experienced deputy chief radiologists using a 
double-blind method. Any discrepancies or  
disagreements in the interpretations were 
resolved through mutual discussion, and con-
sensus was eventually reached. The final diag-
nosis was determined collaboratively, relying 
on the combined expertise and agreement of 
the radiologists.

Detection of tumor markers: Fasting venous 
blood (3-5 mL) was acquired from each patient 
in the morning. After centrifugation, the upper 
serum was taken. The serum levels of CA153, 

CA125 and CEA were detected through che- 
miluminescence microparticle enzyme-linked 
immunosorbent assay (CMIA) on an Abbott 
i2000 automatic analyzer with corresponding 
kits. The interval between blood sample collec-
tion and the multimodal ultrasound examina-
tion was kept within one week.

Diagnostic criteria: Evaluation criteria of two-
dimensional ultrasound results [15]: Typical BC 
manifestations include a breast mass without 
capsule, an aspect ratio >1, irregular shape, 
fuzzy or jagged edges resembling crab claws, 
and posterior wall attenuation of the hypoecho-
ic area.

Evaluation criteria of CDFI [16]: Abundant blood 
flow within and around the mass was consid-
ered indicative of malignancy, with blood flow 
graded as follows: Grade 3: rich blood flow with 
more than 4 small vessel signals; grade 2: 
moderate blood flows, with one main vessel’s 
length exceeding 1/4 of the sum of the long 
and short diameters of lymph nodes; grade 1: 
minimal blood flow, with 1-2 spot signals; grade 
0: no detectable blood flow signal.

Scoring criteria of UE [17]: 1 point: The entire 
mass was deformed, and the color map was 
predominantly light green; 2 points: Most of the 
mass was deformed, or the center remained 
unchanged, with the color chart primarily light 
green and some blue parts; 3 points: Most of 
the mass was not deformed, with only periph-
eral deformation, and the color map was mainly 
blue with some green areas; 4 points: The 
entire mass was not deformed, and the color 
map was fully blue; 5 points: Both the mass 
and its periphery were undeformed, with the 
lesion larger than that seen on two-dimension-
al ultrasound. Lesions scoring 3 or below were 
initially classified as benign, while those scor-
ing 4 or higher were categorized as malignant.

Evaluation criteria of ABVS results [18]: The 
size, shape, growth pattern, boundary, edge, 
internal echo, posterior echo, calcification and 
“convergence sign” of the lesion were evaluat-
ed. Lesions with blurred boundary, irregular 
shape, spiculated or angular edges, small lobu-
lations, longitudinal growth, internal calcifica-
tion, posterior acoustic shadowing were highly 
suspected to be malignant. A “convergence 
sign” observed in the coronal plane of ABVS is 
also indicative of malignant tumor.
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The screening and grouping process is shown 
in Figure 1.

Outcome measures

The serum levels of CA153, CA125, and CEA, 
and two-dimensional ultrasound, CDFI, UE, and 
ABVS results of all patients were recorded. The 
final pathological diagnosis was used as the 
gold standard for comparison with the diagnos-
tic findings. The diagnostic outcomes for benign 
and malignant tumors, obtained through indi-
vidual and combined diagnostic methods were 
assessed. Receiver Operating Characteristic 
(ROC) curves were constructed to calculate and 
compare the specificity, sensitivity, and accu-
racy of each diagnostic method, aiming to eval-
uate their diagnostic efficacy.

Statistical analyses

SPSS 20.0 (SPSS Inc., Chicago, IL, USA) was 
used for data analysis. The chi-square test was 

adopted for comparison of the count data (n, 
%). The ROC curves were drawn to assess the 
diagnostic value of various diagnostic methods 
for distinguishing between benign and malig-
nant tumors, and the figures were drawn with 
GraphPad Prism 8 (GraphPad Software, Inc., 
San Diego, CA, USA). The AUCs of each indica-
tor were compared using the DeLong test. A 
Nomogram was created using the online tool at 
https://shiny.medsta.cn/coxpre1/ to visualize 
the diagnostic value in BC. P<0.05 was consid-
ered statistically significant.

Results

Pathological results

A total of 198 patients with breast lesions were 
included in the study. Pathological diagnosis 
confirmed 88 benign patients and 110 malig-
nant patients. The postoperative pathological 
results are summarized in Table 1.

Figure 1. Screening and grouping process.
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Analysis of multimodal ultrasound diagnosis 
results

Two-dimensional ultrasound, CDFI, UE and 
ABVS confirmed 81, 87, 91 and 91 cases of 
malignant lesions in the malignant group, 
respectively, and revealed 62, 66, 70 and 72 
cases of benign lesions in the benign group, 
respectively. The multimodal approach revealed 
96 cases of malignant lesions in the malignant 
group and 72 cases of benign lesions in benign 
group (Table 2).

Comparison of serum tumor markers between 
the two groups

The serum levels of CA153, CA125 and CEA in 
the malignant group and the benign group were 
compared and analyzed. The malignant group 
showed significantly higher serum levels of 
CA153, CA125 and CEA than the benign group 
(all P<0.001, Figure 2).

Comparison of diagnostic efficacy of tumor 
markers and their combination in diagnosing 
early BC

ROC curves were generated for CA153, CA125, 
CEA, and their combination in diagnosing BC. 
The results showed that the AUC values for 
CA153, CA125, and CEA in diagnosing BC were 
0.810, 0.812, and 0.790, respectively. When 
combined, the AUC increased to 0.928. The 

accuracy of the combined diagnosis was signifi-
cantly higher than that of the individual tumor 
markers (Figure 3; Tables 3 and 4).

Comparison of diagnostic efficacy among mul-
timodal ultrasound, tumor markers and their 
combination in diagnosing BC

The ROC curves of multimodal ultrasound, 
combined tumor markers and their combina-
tion in diagnosing BC were generated. According 
to the results, the AUCs of multimodal ultra-
sound and tumor markers (CA153, CA125 and 
CEA) in the diagnosis of BC were 0.845 and 
0.928, respectively. When these two appro- 
ached were combined, the AUC increased to 
0.971, indicating significantly higher diagnostic 
accuracy compared to using either multimodal 
ultrasound or tumor markers alone (Figure 4; 
Tables 5 and 6). In addition, a nomogram was 
used to visualize the diagnostic performance of 
tumor markers and multimodal ultrasound in 
diagnosing BC (Figure 5).

Discussion

BC is the most common cancer affecting 
women worldwide. In 2018, the incidence and 
mortality rates of BC in women were reported 
as 46.3 per 100,000 and 13.0 per 100,000, 
respectively, indicating a rising trend [20]. The 
incidence of BC is expected to continue rising in 
the long term due to changes in lifestyle, fertil-

Table 1. Pathological results
Benign group (n=88) Malignant group (n=110)
Fibroadenoma 30 (34.09) Invasive ductal carcinoma 41 (37.27)
Mastopathy 26 (29.55) Ductal carcinoma in situ 32 (29.09)
Intraductal papilloma 14 (15.91) Intraductal papillary carcinoma 20 (18.18)
Breast inflammatory disease 10 (11.36) Invasive lobular carcinoma 17 (15.46)
Benign phyllodes tumors 8 (9.09)

Table 2. The results of multimodal ultrasound diagnosis
Benign group (n=88) Malignant group (n=110)

Malignant Benign Malignant Benign
Two-dimensional ultrasound 26 62 81 29
Color Doppler flow imaging 22 66 87 23
Ultrasound elastography 18 70 91 19
ABVS 16 72 91 19
Multimodal ultrasound 16 72 96 14
ABVS, automated breast volume scanning.
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ity patterns, environmental factors, as well as 
the aging and growth of the population [3, 21]. 
In China, many BC patients seek medical atten-
tion at a late stage, resulting in late diagnosis. 
These patients often exhibit characteristics 
such as lower TNM grade, lower positive rate of 
hormone receptors, higher likelihood for recur-
rence, and poor prognosis. This situation poses 

significant challenges and burdens on both the 
society and the families of affected patients 
[22, 23]. Therefore, it is of great importance to 
effectively improve the diagnostic effect of 
patients with early BC.

Ultrasound is frequently employed as an auxil-
iary examination technique for the detection 
and diagnosis of BC due to its non-invasive 
nature, painlessness, high repeatability, and 
ease of operation [18, 24]. Ultrasonic technol-
ogy includes UE, CEUS, three-dimensional 
ultrasound and ABVS etc. Guo et al. [5] have 
revealed that new ultrasound imaging tech-
niques, ultrasound-guided biopsies and the 
combination of ultrasound and other methods 
can provide important tools for the manage-
ment of breast disease. While breast ultraso-
nography is painless and simple to perform, it 
can has limitations in detecting subtle masses 
and accurately displaying parasternal lymph 
nodes [25]. In recent years, CEA, CA199 and 
CA153 are frequently adopted as clinical tumor 
markers [26]. Wang et al. [27] have revealed 
that serum CEA, CA199, CA125, CA15-3 and 
TPS can be adopted in the diagnosis of meta-
static BC, with different combinations of tumor 
markers offering varying diagnostic value. 
According to a study by Song et al. [28], color 

Figure 2. Comparison of serum tumor markers between the two groups. A: The malignant group showed a notably 
higher CA153 level than the benign group. B: The malignant group showed a notably higher CA125 level than the 
benign group. C: The malignant group showed a notably higher CEA level than the benign group. ****P<0.001. CA, 
carbohydrate antigen; CEA, carcinoembryonic antigen.

Figure 3. ROC curves of each tumor markers and their 
combination in diagnosing BC. BC, breast cancer.
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Doppler ultrasound combined with joint detec-
tion of serum CA153, CEA and TSGF improves 
diagnostic accuracy, facilitates early diagnosis, 
and aids in clinical intervention of BC. In this 
study, patients with breast lesions who had 
received multimodal ultrasound and detection 
of tumor markers were enrolled to explore the 
diagnostic value of combining these methods 
in detecting BC.

With pathological diagnosis as the gold stan-
dard, the diagnostic effectiveness of multimod-

al ultrasound (two-dimensional ultrasound, 
CDFI, UE and ABVS) were evaluated. The results 
showed that two-dimensional ultrasound, CDFI, 
UE and ABVS identified 81, 87, 91 and 91 cases 
of malignant lesions in malignant group, and 
identified 62, 66, 70 and 72 cases of benign 
lesions in the benign group, respectively. The 
multimodal approach identified 96 malignant 
cases in the malignant group and 72 cases of 
benign lesions in benign group. The results indi-
cate better diagnostic effect of multimodal 
ultrasound in early-stage BC than the each of 
the four ultrasound modalities alone.

Li et al. [29] have revealed that preoperative 
serum CEA can serve as an independent pre-
dictor of unfavorable prognosis in young BC 
patients. To further explore the diagnostic value 
of tumor markers in early BC, serum levels of 
tumor markers (CA153, CA125 and CEA) in 
both groups were determined. According to the 
results, the malignant group showed notably 
higher levels of serum A153, CA125 and CEA 
than the benign group, highlighting their diag-
nostic value in early BC. This study found that 
the levels of CA125, CA153, and CEA were cor-
related with disease status, and the combined 
detection of these three markers significantly 
improved specificity and accuracy compared to 
individual markers.

Finally, the diagnostic value of combining multi-
modal ultrasound with these tumor markers 
was explored. The results showed that the 

Table 3. Diagnostic efficacy of tumor markers and their combination in diagnosing BC
Cutoff Specificity Sensitivity Accuracy AUC

CA153 32.948 69.09% 81.82% 74.75% 0.810
CA125 39.578 63.36% 100.00% 79.80% 0.812
CEA 5.0004 70.91% 77.73% 73.74% 0.790
Joint 0.6075 84.55% 90.91% 87.37% 0.928
CA, carbohydrate antigen; CEA, carcinoembryonic antigen.

Table 4. Pairwise comparison of ROC curves for tumor markers and their combinationa

Difference between areas 95% Confidence Interval Significance level
CA125/CA153 0.002 -0.077 to 0.080 P=0.961
CA125/CEA 0.022 -0.065 to 0.109 P=0.618
CA125/Joint 0.116 0.063 to 0.168 P<0.001
CA153/CEA 0.020 -0.057 to 0.097 P=0.611
CA153/Joint 0.118 0.067 to 0.168 P<0.001
CEA/Joint 0.138 0.083 to 0.192 P<0.001
aDeLong et al. [19], 1988. CA, carbohydrate antigen; CEA, carcinoembryonic antigen.

Figure 4. ROC curve of multimodal ultrasound, tumor 
markers and their combination in diagnosing BC. BC, 
breast cancer.
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AUCs of multimodal ultrasound and combined 
tumor markers (CA153, CA125 and CEA) in 
diagnosing BC were 0.845 and 0.928 respec-
tively, while the AUC for the combination of both 
was 0.971. This joint diagnostic approach dem-
onstrated higher accuracy and specificity than 
multimodal ultrasound and combined tumor 
markers alone, indicating that joint examina-
tion is of higher value in the diagnosis of breast 
tumors. Similarly, Kong et al. [30] have revealed 
a crucial role of the combination of ultrasound, 
enhanced CT, and tumor markers (AFP and 
CA199) in the early diagnosis of liver cancer, 
which is consistent with the results of this 
study.

Despite the promising results obtained in this 
study, certain limitations should be acknowl-
edged. First, the sample size was relatively 
small, which may limit the generalizability of our 

multivariable regression analysis to account for 
potential confounding factors. By addressing 
these limitations, we can further enhance our 
understanding of the diagnostic capabilities 
and clinical utility of multimodal ultrasound in 
BC diagnosis.

In conclusion, for patients with early BC, the 
combination of multimodal ultrasound and 
tumor marker detection offers greater accuracy 
in the diagnosis of benign and malignant early 
breast lesions compared to either method 
alone, making it a valuable approach worth pro-
moting in clinical practice.
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Table 5. Diagnostic efficacy of multimodal ultrasound, combined tumor markers and their combination 
in diagnosing BC

Specificity Sensitivity Accuracy AUC
Multimodal ultrasound 87.27% 81.82% 84.85% 0.845
Combined tumor markers 84.55% 90.91% 87.37% 0.928
Multimodal ultrasound combined with tumor markers 90.00% 94.43% 91.92% 0.971

Table 6. Pairwise comparison of ROC curves for multimodal ultrasound, combined tumor markers and 
their combinationa

Difference between areas 95% Confidence Interval Significance level
Joint/multimodal ultrasound 0.125 0.078 to 0.172 P<0.001
Joint/tumor markers 0.043 0.016 to 0.070 P=0.002
Multimodal ultrasound/tumor markers 0.082 0.019 to 0.146 P=0.011
aDeLong et al. [19], 1988.

Figure 5. The nomogram of tumor markers and multimodal ultrasound for 
diagnosing breast cancer.

findings. Furthermore, the ret-
rospective nature of this an- 
alysis inevitably introduces 
inherent biases and limita-
tions typical of such designs. 
Future studies with larger 
sample sizes and prospective 
designs could help provide 
more robust and reliable evi-
dence regarding the diagnos-
tic value of multimodal ultra-
sound and tumor markers in 
the diagnosis of BC. Future 
studies could specifically fo- 
cus on comparing different 
imaging modalities and using 
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