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Abstract. Breast cancer is one of the most common malig‑
nancies affecting women worldwide, and an early diagnosis 
is critical for improving prognosis. The present study aimed 
to investigate the diagnostic value of mammography (MG) 
combined with ultrasound shear wave elastography (SWE) and 
magnetic resonance imaging (MRI) for the early screening 
of breast cancer. Patients with breast tumors who underwent 
lumpectomy at a single hospital between December 2021 and 
January 2023 were selected and categorized into a benign or 
malignant group based on pathological findings. All patients 
had undergone examinations with MG, SWE and MRI. 
Imaging parameters were subsequently compared between 
the two groups. A total of 93 patients with breast tumors were 
included in the study, comprising 37 individuals in the benign 
group and 56 in the malignant group. MG findings revealed 
that patients in the malignant group exhibited significantly 
higher incidences of high breast glandular density, irregular 
mass margins, unclear mass borders and axillary lymph node 
involvement compared with those in the benign group. SWE 
results indicated that the elasticity ratio of the lesion to fat, and 
the mean and maximum values of the elastic modulus were 
significantly lower in the benign group than in the malignant 

group. Additionally, MRI findings demonstrated that the 
MRI‑measured maximum diameter was larger, and the preva‑
lence of irregular lesion morphology, irregular mass margins, 
signal enhancement and type III time‑signal intensity curves 
was greater in the malignant group compared with the benign 
group. The diagnostic sensitivity, specificity, positive predic‑
tive value and negative predictive value of MG + SWE + MRI 
were 94.6, 86.5, 91.4 and 91.4%, respectively. Furthermore, the 
diagnostic efficacy of this combination surpassed that of MG + 
SWE, MG + MRI and SWE + MRI (area under the curve, 
0.906 vs. 0.767, 0.758 and 0.763, respectively). In conclusion, 
the combination of MG with SWE and MRI exhibits a superior 
performance in the early diagnosis of breast cancer, exhibiting 
higher diagnostic accuracy and reliability compared with 
pairwise combinations.

Introduction

Breast cancer is one of the most prevalent malignant tumors 
among women, with an estimated global incidence of ~2.3 
million new cases each year (1). Breast cancer has emerged 
as a major public health concern, and its incidence is steadily 
increasing. According to the World Health Organization, 
breast cancer is the leading cause of cancer‑related mortality 
among women globally; it severely impacts the physical and 
mental health of patients as well as their quality of life (2). 
Early detection is primarily achieved through mammography 
(MG), resulting in a 5‑year survival rate of >90% in developed 
countries. However, in low‑income countries, breast cancer is 
frequently diagnosed at advanced stages, leading to a marked 
reduction in the 5‑year survival rate to <40% (2). Thus, early 
and accurate diagnosis is crucial for improving the prognosis 
of patients with breast cancer.

Conventional MG, however, has limitations in early diag‑
nosis (3). The complex anatomical structure of breast tissues 
and variations in tissue density often hinder the accurate detec‑
tion of early malignant tumors, particularly those with small 
diameters or located deep within the breast (4). To address 
these challenges, new imaging techniques, including ultra‑
sound shear wave elastography (SWE) and magnetic resonance 
imaging (MRI), have gained considerable attention (5,6).
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SWE offers a distinct advantage in characterizing the 
nature of breast lumps as it quantitatively evaluates the 
stiffness of tissue and provides objective measurements of 
elasticity parameters (7) Conversely, MRI delivers extensive 
information on tissue perfusion and facilitates a comprehen‑
sive assessment of lesion morphology, boundaries and internal 
structure through the dynamic observation of hemodynamic 
characteristics, which is particularly beneficial for the diag‑
nosis of lesions located deep within the tissue (6).

The primary objective of the present study was to inves‑
tigate the diagnostic efficacy of a combination of MG, SWE 
and MRI in the early of detection breast cancer. By comparing 
the strengths of these imaging techniques in lesion detection, 
characterization and localization, the study aims to provide an 
accurate and comprehensive foundation for medical imaging 
in the early diagnosis of breast cancer. The integration of 
MG, SWE and MRI may leverage their respective advantages 
to result in a complementary and comprehensive diagnostic 
strategy. Through the comparative analysis of different tech‑
niques in breast cancer diagnosis, the study aims to provide a 
reliable and comprehensive diagnostic solution for clinicians, 
ultimately enhancing the early screening and diagnosis of 
breast cancer.

Materials and methods

Study design. In the present study, prospective data collection 
with retrospective analysis was conducted on patients with 
breast tumors who underwent lumpectomy at Yancheng No. 1 
People's Hospital (Yancheng First Hospital, Affiliated Hospital 
of Nanjing University Medical School; Yancheng, China) from 
December 2021 to January 2023. Patients were categorized into 
benign and malignant groups based on histopathology results. 
Relevant data, including age, medical history, imaging results 
and lesion characteristics, were systematically collected. The 
study adhered to the Declaration of Helsinki and was approved 
by the Ethics Committee of The First People's Hospital of 
Yancheng (Yancheng, China; approval no. 2021‑J‑098).

Inclusion criteria. Participants were included based on the 
following criteria: i) Meeting the diagnostic criteria for breast 
tumors as outlined in the Chinese expert consensus on the 
clinical diagnosis and treatment of advanced breast cancer 
(2021)  (8); ii)  undergoing lumpectomy at Yancheng No.  1 
People's Hospital, with pathological confirmation of breast 
cancer; iii) being a female aged between 18 and 65 years; and 
iv) having completed follow‑up treatment at Yancheng No. 1 
People's Hospital, with comprehensive clinical data available. 
The exclusion criteria were as follows: i) Prior receipt of surgery, 
chemotherapy or medication before consultation; ii) pregnancy 
or lactation; iii)  presence of severe pulmonary or cardiac 
diseases, or abnormal liver or kidney function; iv) coexistence 
of other diffuse breast lesions; v) implantation of devices such as 
pacemakers that could be affected by magnetic fields; vi) intol‑
erance to ultrasound contrast agents; vii) presence of breast 
implants; and viii) lesions with a largest diameter >3 cm.

Study methods
MG. The patients were examined by MG using the Selenia® 
Dimensions® Digital Mammography System (Hologic, Inc.). 

Prior to the examination, patients were assessed for contra‑
indications and instructed to remove any external objects 
that could interfere with the imaging process. Patients were 
asked to maintain still during the procedure and to position 
their arms at their sides to facilitate the upward and forward 
positioning of the breast tissue. The examination utilized an 
automatic compression system and automatic exposure control 
system, with exposure settings ranging from 22 to 49 kV for 
voltage and 4 to 500 mA for current. The image acquisition 
process complied with the technical standards established by 
the Chinese Medical Association in 2014 (9) The breasts of 
the patients were imaged from the mediolateral oblique and 
bilateral craniocaudal positions, with magnified views and 
supplementary positions employed as necessary. It was crucial 
to ensure that the axillary lymph nodes, parasternally located 
glands and other relevant areas were thoroughly examined to 
avoid missed diagnoses.

Ultrasound SWE. An AixPlorer Color Doppler Ultrasound 
machine (SuperSonic Imagine), equipped with a probe oper‑
ating at frequencies of 4‑15 MHz, was utilized for SWE. 
Patients were positioned supine, with the upper limb on the 
affected side elevated to fully expose the breast and axillary 
area. Initially, a 2‑dimensional ultrasound examination was 
conducted to evaluate the morphology and blood flow char‑
acteristics of the lesion. The SWE mode was then activated, 
and the probe was gently placed over the lesion. The size of 
the sampling frame in the elastic detection area was adjusted 
until there was no red extrusion mark (a visual indicator 
signaling that the elasticity measurement exceeds the optimal 
range of the device) at the top of the frame. This adjustment 
ensured that the sampling frame adequately covered the lesion 
and the surrounding area of stiff tissue. For larger lesions 
extending beyond the sampling frame, multiple sections were 
measured separately. The part of the lesion exhibiting the 
highest elasticity value was recorded. Subsequently, patients 
were instructed to hold their breath for 3 sec. After acquiring 
a stable image, the elastic parameters of the lesion were 
recorded, including the maximum value of the elastic modulus 
(E‑max), the mean value of the elastic modulus (E‑mean) and 
the elasticity ratio of the lesion to fat (E‑ratio). Each lesion was 
assessed three times, and the average value was calculated. 
These parameters were measured by using the Q‑Box™ quan‑
tification tool (SuperSonic Imagine).

MRI. Dynamic contrast‑enhanced (DCE) MRI and 
diffusion‑weighted imaging (DWI) were performed using 
the MAGNETOM Skyra 3.0T (Siemens AG). The scanning 
parameters were as follows: For T2‑weighted imaging in the 
axial position, the repetition time (TR)/echo time (TE) values 
were set at 6,710/75 msec, with 2 excitations and a slice thick‑
ness of 4 mm; for T1‑weighted imaging in the axial position, 
the TR/TE values were 630/12 msec, with 2 excitations and 
a slice thickness of 5 mm; and for DWI, the TR/TE values 
were set at 3,400/71 msec, with a slice thickness of 5 mm 
and a b‑value of 800 sec/mm². For DCE MRI, gadopentetate 
dimeglumine (Magnevist; Bayer AG) was used as the contrast 
agent at a dosage of 0.2 ml/kg under high pressure, followed 
by axial scanning to obtain five sequences. The parameters for 
this sequence were TR/TE values of 4.66/1.68 msec, with 1 
excitation, a slice thickness of 1.6 mm, and an 80‑sec interval 
between each period.
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Study indicators. The imaging parameters were compared 
between the benign and malignant groups. This included 
MG‑related parameters, namely breast glandular density, 
margins, borders and axillary lymph node involvement; 
SWE‑related parameters, namely the E‑ratio, E‑mean and 
E‑max; and MRI‑related parameters, namely the maximum 
diameter measured by MRI, lesion morphology, mass margins, 
signal enhancement and time‑signal intensity curve (TIC).

Statistical analysis. Data analysis was conducted using SPSS 
version 20.0 (IBM Corp.). Basic characteristics of the samples 
were expressed as the mean ± standard deviation. Independent 
samples t‑tests were employed to compare differences in 
continuous variables between the two groups, while χ2 or 
Fisher's exact tests were used for the analysis of categorical 
variables. The diagnostic efficacy of each of the combinations 
of MG + SWE, MG + MRI, SWE + MRI and MG + SWE + MRI 

Table I. Analysis of the baseline data of all study subjects.

Parameters	 Benign group (n=37)	 Malignant group (n=56)	 t/χ2‑value	 P‑value

Age, mean ± SD, years	 43.75±9.22	 46.42±9.27	 ‑1.362	 0.176
Tumor size, mean ± SD, cm	 1.72±0.81	 3.32±1.45	 ‑6.105	 <0.001
Location, n (%)			   0.147	 0.702
  Right	 20 (54.05)	 28 (50.00)		
  Left	 17 (45.95)	 28 (50.00)		
Tumor shape, n (%)			   0.345	 0.557
  Oval	 12 (32.43)	 15 (26.79)		
  Irregular	 25 (67.57)	 41 (73.21)		
Growing direction, n (%)			   2.890	 0.089
  Parallel	 32 (86.49)	 40 (71.43)		
  Vertical	 5 (13.51)	 16 (28.57)		
Mass margin, n (%)			   15.171	 <0.001
  Smooth	 21 (56.76)	 10 (17.86)		
  Irregular	 16 (43.24)	 46 (82.14)		
Echogenicity, n (%)			   29.896	 <0.001
  Strong	 24 (64.86)	 6 (10.71)		
  Weak	 13 (35.14)	 50 (89.29)		
Calcification 			   18.322	 <0.001
  No	 28 (75.68)	 17 (30.36)		
  Microcalcification	 9 (24.32)	 39 (69.64)		
Posterior features, n (%)			   ‑	 0.517
  Enhanced	 34 (91.89)	 48 (85.71)		
  Masked	 3 (8.11)	 8 (14.29)		

Figure 1. Imaging analysis of breast lesions in different patients using three imaging modalities. (A) Mammography revealing multiple punctate and nodular 
calcified foci, which are characteristic findings associated with malignancy. (B) Ultrasound shear wave elastography displaying quantitative measurements of 
tissue stiffness generated using the Q‑Box™ quantification tool. (C) Magnetic resonance imaging illustrating lesion morphology and enhancement patterns. 
The red arrow indicates the lesion in the anterior left breast. LMLO, left mediolateral oblique; Min, minimum; Max, maximum; SD, standard deviation.

https://www.spandidos-publications.com/10.3892/ol.2024.14831
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was assessed, and the sensitivity, specificity, positive predic‑
tive value and negative predictive value were calculated. 
Receiver operating characteristic (ROC) curves were plotted 
to evaluate the diagnostic accuracy of each combination 
method and DeLong's test was employed to compare the area 

under the curve (AUC) values between different diagnostic 
combinations. To adjust for potential type I errors arising from 
multiple comparisons among the AUCs, a Bonferroni correc‑
tion was applied. A significance level of α=0.05 (two‑tailed) 
was considered to indicate statistical significance.

Table II. Comparison of imaging parameters.

A, MG				  

Parameters	 Benign group, (n=37)	 Malignant group (n=56)	 χ2‑value	 P‑value

Glandular density, n (%)			   8.159	 0.004
  Low	 27 (73.0)	 24 (42.9)		
  High	 10 (27.0)	 32 (57.1)		
Mass margin, n (%)			   8.578	 0.003
  Smooth	 24 (64.9)	 19 (33.9)		
  Irregular	 13 (35.1)	 37 (66.1)		
Mass border, n (%)		   	 6.426	 0.011
  Clear	 21 (56.8)	 17 (30.4)		
  Unclear	 16 (43.2)	 39 (69.6)		
Axillary lymph nodes, n (%)			   6.758	 0.009
  No	 19 (51.4)	 14 (25.0)		
  Yes	 18 (48.6)	 42 (75.0)		

B, SWE				  

Parameters	 Benign group, (n=37)	 Malignant group (n=56)	 t‑value	 P‑value

E‑ratio, mean ± SD 	 3.25±0.92	 15.30±2.75	 ‑25.663	 <0.001
E‑mean, mean ± SD	 21.14±8.70	 44.42±14.26	 ‑8.888	 <0.001
E‑max, mean ± SD	 99.88±37.07	 287.63±89.97	 ‑12.020	 <0.001

C, MRI				  

Parameters	 Benign group, (n=37)	 Malignant group (n=56)	 χ2/t‑value	 P‑value

MRI‑measured maximum diameter, 	 1.16±0.55	 2.06±0.44	 ‑8.724	 <0.001
mean ± SD, cm
Lesion morphology, n (%)			   9.632	 0.002
  Regular	 24 (64.9)	 18 (32.1)		
  Irregular	 13 (35.1)	 38 (67.9)		
Mass margin, n (%)			   12.580	 <0.001
  Smooth	 29 (78.4)	 23 (41.1)		
  Irregular	 8 (21.6)	 33 (58.9)		
Signal enhancement, n (%)			   6.241	 0.012
  Normal	 17 (45.9)	 12 (21.4)		
  Enhanced	 20 (54.1)	 44 (78.6)		
TIC, n (%)			   12.977	 0.002
  Type I	 14 (37.8)	 9 (16.1)		
  Type II	 18 (48.6)	 20 (35.7)		
  Type III	 5 (13.5)	 27 (48.2)		

MG, mammography; SWE, shear wave elastography; MRI, magnetic resonance imaging; TIC, time‑signal intensity curve; SD, standard 
deviation.
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Results

Analysis of baseline data. A total of 93 patients with breast 
tumors were included in the present study, of which 37 patients 
were in the benign group (mean age, 43.75±9.22  years) 
and 56  patients were in the malignant group (mean age, 
46.42±9.27 years). No significant differences were detected 
between the two groups regarding age and tumor characteris‑
tics, including location, shape, growth direction and posterior 
features. However, the malignant group exhibited significantly 
larger tumor sizes (3.32±1.45 vs. 1.72±0.81 cm), as well as 
a higher percentage of irregular mass margins (82.14 vs. 
43.24%), weak echogenicity (89.29 vs. 35.14%) and microcal‑
cification (69.64 vs. 24.32%) compared with the benign group 
(P<0.001; Table I).

Imaging analysis of typical cases. Typical imaging results 
from the three techniques in different patients are presented in 
Fig. 1. The MG image reveals multiple punctate and nodular 
calcified foci in the left breast, with larger foci located in the 
central region (Fig. 1A). The SWE results include an E‑mean 
of 38.2 kPa and an E‑max of 146.7 kPa, suggestive of malig‑
nant lesions (Fig. 1B). An irregular mass in the anterior left 
breast is revealed by MRI, characterized by inhomogeneous 
mild‑to‑moderate enhancement and high‑to‑low mixed 
signals, with a greater vascular presence on the anterior side 
compared with the contralateral side (Fig. 1C).

Comparison of imaging parameters. MG examination results 
indicated that the malignant group had a greater proportion 
of cases with high breast glandular density (57.1 vs. 27.0%), 
irregular mass margins (66.1 vs. 35.1%), unclear mass borders 
(69.6 vs. 43.2%) and axillary lymph node involvement (75.0 
vs. 48.6%) compared with the benign group (P<0.05). SWE 

results showed that the benign group had significantly lower 
E‑ratio (3.25±0.92 vs. 15.30±2.75), E‑mean (21.14±8.70 
vs. 44.42±14.26) and E‑max values (99.88±37.07 vs. 
287.63±89.97) compared with the malignant group (P<0.001). 
MRI results demonstrated that the malignant group had a 
larger MRI‑measured maximum diameter (2.06±0.44 vs. 
1.16±0.55 cm) and a higher proportion of cases with irregular 
lesion morphology (67.9 vs. 35.1%), irregular mass margins 
(58.9 vs. 21.6%), signal enhancement (78.6 vs. 54.1%) and 
Type  III TICs (48.2 vs. 13.5%) compared with the benign 
group (P<0.05; Table II).

Analysis of diagnostic efficacy. The diagnostic sensitivity, 
specificity and AUC for MG + SWE were 69.6, 83.8 and 
0.767% (95% CI, 0.667‑0.867), respectively. For MG + MRI, 
these values were 73.2, 78.4 and 0.758% (95% CI, 0.655‑0.860), 
respectively; for SWE + MRI, they were 71.4, 81.1 and 0.763% 
(95% CI, 0.661‑0.864), respectively; and for MG + SWE + 
MRI, they were 94.6, 86.5 and 0.906% (95% CI, 0.832‑0.979), 
respectively (Tables III and IV). The diagnostic efficacy of 
MG + SWE + MRI was significantly superior to that of MG + 
SWE, MG + MRI and SWE + MRI (P<0.001). However, no 
significant differences were detected in diagnostic efficacy 
among the combinations of MG + SWE, MG + MRI and 
SWE + MRI (Fig. 2, Table IV).

Discussion

The development of breast cancer is influenced by a variety 
of factors, including heredity, hormone levels and lifestyle 
choices, and its early diagnosis is challenging due to the 
complex structure of breast tissue (10). Imaging is crucial in 
the early screening and diagnosis of breast cancer, and imaging 
techniques including MG, SWE and MRI are typically used 

Table III. Results for different combinations of imaging methods for benign and malignant breast tumors and their diagnostic 
efficacy.

	 Pathological
	 diagnosis, n
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 Positive	 Negative
Parameters	 Malignant 	 Benign	 Sensitivity, %	 Specificity, %	 predictive value, %	 predictive value, %

MG + SWE						    
  Malignant	 39	 6	 69.6	 83.8	 86.7	 64.6
  Benign	 17	 31				  
MG + MRI						    
  Malignant	 41	 8	 73.2	 78.4	 83.7	 65.9
  Benign	 15	 29				  
SWE + MRI						    
  Malignant	 40	 7	 71.4	 81.1	 85.1	 65.2
  Benign	 16	 30				  
MG + SWE + MRI						    
  Malignant	 53	 5	 94.6	 86.5	 91.4	 91.4
  Benign	 3	 32				  

MG, mammography; SWE, shear wave elastography; MRI, magnetic resonance imaging.

https://www.spandidos-publications.com/10.3892/ol.2024.14831
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for the detection of breast cancer during the early stages. Each 
method has strengths and limitations, particularly in the iden‑
tification of dense or early‑stage lesions, which can impede 
diagnostic accuracy. Therefore, the present study aimed to 
elucidate these limitations by exploring the combination of 
MG, SWE and MRI. The findings indicate that the diagnostic 
value of this combined approach was superior to that of pair‑
wise combinations, thereby providing a strong foundation for 
medical imaging in the early screening and diagnosis of breast 
cancer.

Beyond diagnostic efficacy, the cost‑effectiveness of 
these modalities is crucial for clinical decision‑making. 
MG remains widely accessible and inexpensive, making 
it a cost‑effective first‑line screening tool (11). SWE is a 
newer technique that provides affordable quantitative data 
on tissue stiffness, which helps to differentiate benign from 
malignant lesions and potentially reduces unnecessary 
biopsies for Breast Imaging‑Reporting and Data System 
(BI‑RADS) IVa lesions (12). Although MRI is more expen‑
sive, it delivers detailed information on vasculature and 
perfusion, which is valuable for the imaging of complex 
or dense cases. A previous study suggests that MRI is 
most cost‑effective when used selectively, to complement 
MG and SWE in challenging scenarios  (13). Integrating 
these methods enhances diagnostic efficacy and helps to 
manage costs by tailoring modality selection based on 
patient‑specific factors.

Breast density influences the accuracy of diagnostic 
imaging as dense breast tissue can obscure lesions, thereby 
reducing the sensitivity of MG. Although MG is a traditional 
imaging method favored for use in the diagnosis of breast 
disease due to its simplicity, speed and non‑invasive nature, 
it has notable limitations in detection rates, particularly in 
cases with high breast glandular density or early lesions (14). 
Conventional imaging techniques, including MG and ultra‑
sound, often exhibit low sensitivity and specificity, particularly 
in young patients with dense breast tissue, breast implants or 
post‑surgical scarring (15). Thus, the density of breast tissue 
continues to pose a challenge to the sensitivity of MG, empha‑
sizing that alternative imaging strategies are necessary (16).

By contrast, SWE is a valuable tool for the quantitative 
assessment of breast tissue elasticity, allowing for an objec‑
tive evaluation of tissue stiffness. This technique has shown 
considerable promise in distinguishing between benign and 
malignant solid breast masses in previous studies (17‑19). MRI 

complements the aforementioned methods by monitoring 
the dynamic perfusion processes within lesions, providing 
essential physiological information about vascular structure, 
blood flow rate and blood volume. This capability is crucial for 
determining the blood supply in breast cancer and revealing 
the physiological status of the lesion. Thus, the integration of 
MG, SWE and MRI offers a comprehensive and complemen‑
tary approach for the diagnosis of breast cancer. By addressing 
the limitations of individual imaging methods, this combined 
strategy enhances diagnostic accuracy and reliability, ulti‑
mately improving the early detection of breast cancer and 
contributing positively to patient outcomes.

SWE provides quantitative measurements of tissue 
stiffness in kilopascals by imaging the propagation of 
transverse waves through tissue. This method enables 
non‑invasive, real‑time assessments of tissue elasticity (20). 
Sravani et al (21) investigated the reproducibility of SWE 
and its alignment with histological findings, which demon‑
strated its potential for the classification of breast masses 
as benign or malignant. In contrast to static elastography, 

Table IV. Comparison of the AUCs for different combinations of imaging methods.

Parameters	 AUC	 95% CI	 P‑valuea	 P‑valueb	 P‑valuec	 P‑valued	 P‑valuee	 P‑valuef

MG + SWE	 0.767	 0.667‑0.867	 0.8533	 0.9303	 0.0975	 <0.001	 <0.001	 <0.001
MG + MRI	 0.758	 0.655‑0.860						    
SWE + MRI	 0.763	 0.661‑0.864						    
MG + SWE + MRI	 0.906	 0.832‑0.979						    

aP‑value for MG + SWE vs. MG + MRI; bP‑value for MG + SWE vs. SWE + MRI; cP‑value for MG + MRI vs. SWE + MRI; dP‑value for 
MG + SWE vs. MG + SWE + MRI; eP‑value for MG + MRI vs. MG + SWE + MRI; fP‑value for SWE + MRI vs. MG + SWE + MRI. AUC, 
area under the receiver operating characteristic curve; MG, mammography; SWE, shear wave elastography; MRI, magnetic resonance imaging.

Figure 2. Receiver operating characteristic curves illustrating the diagnostic 
performance of different imaging combinations. MG, mammography; 
SWE, shear wave elastography; MRI, magnetic resonance imaging.
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which uses grayscale ultrasound to indicate relative stiff‑
ness, SWE offers the advantage of providing objective 
measurements of lesion stiffness in kilopascals. SWE has 
shown diagnostic accuracy similar to that of strain elastog‑
raphy (SE) in differentiating between benign and malignant 
breast lesions. For example, Li  et  al  (22) conducted a 
screening study involving 623 breast lesions, which revealed 
that SWE and conventional ultrasound exhibited superior 
diagnostic performance in the diagnosis of cystic solid 
lesions compared with non‑cystic solid lesions. Notably, 
the threshold for each SWE parameter varied between the 
cystic and non‑cystic lesion groups, being higher in the 
former group than in the latter. The development of breast 
cancer is associated with physiological changes, including 
cell proliferation and neovascularization, which affect the 
mechanical properties of the tissue. By directly measuring 
the elastic modulus of tissue, SWE can indirectly provide 
information on the density and arrangement of tissue cells, 
thereby reflecting the physiological characteristics of breast 
cancer (23). Furthermore, Shahzad et al (24) concluded that 
both SE and SWE, when used as supplemental techniques 
to conventional B‑mode breast ultrasound, enhanced the 
characterization of solid breast lesions and reduced unnec‑
essary biopsies for BI‑RADS IVa lesions.

In addition to MG, SWE and MRI, it is important to 
acknowledge other advanced imaging techniques such as posi‑
tron emission tomography‑computed tomography (PET‑CT) 
and 3‑dimensional (3D) MG. PET‑CT is primarily used for 
the detection of metastatic disease, and has limited use in the 
detection of early breast cancer due to its low resolution for 
small lesions, as well as its high cost (25). However, it is highly 
sensitive at detecting metabolically active tumors, which can 
complement the anatomical and functional data provided by 
SWE and MRI (26) 3D MG, also known as tomosynthesis, 
improves detection rates compared with traditional 2D 
mammography, particularly in women with dense breasts, by 
providing a detailed, layered view of the breast tissue. However, 
it does not offer the quantitative or functional insights provided 
by SWE and MRI (27). Integrating these other modalities may 
further enhance diagnostic accuracy, particularly in complex 
cases, although cost‑effectiveness and accessibility remain 
considerations.

In the present study, when MG, SWE and MRI were 
combined, specific indicators of diagnostic efficacy were 
evaluated; specifically, the sensitivity, specificity, positive 
predictive value and negative predictive values were 94.6, 
86.5, 91.4 and 91.4%, respectively, with an AUC of 0.906 (95% 
CI, 0.832‑0.979). This demonstrates the high sensitivity and 
reliability of this combined approach in the accurate diagnosis 
of breast cancer.

Additionally, the present study examined the differences 
in diagnostic efficacy among various combinations of imaging 
techniques. The results indicated that while there were differ‑
ences in diagnostic efficacy among MG + SWE, MG + MRI, 
and SWE + MRI, these differences were not statistically 
significant. Zhang et al (28) reported that multiparametric MRI, 
incorporating DCE‑MRI and DWI with apparent diffusion 
coefficient mapping, enabled accurate breast cancer diagnosis; 
models using both quantitative and qualitative descriptors 
from DCE‑MRI and DWI exhibited high diagnostic accuracy. 

Similarly, Yadav et al (29) demonstrated that high‑resolution 
DWI, a contrast‑free MRI technique, improved lesion detec‑
tion compared with DCE‑MRI. Its diagnostic performance 
was found to be comparable with that of MRI, suggesting a 
potentially adjunctive role for high‑resolution DWI in conjunc‑
tion with MG.

The combination of MG, SWE and MRI may offer consid‑
erable potential in the personalization of clinical breast cancer 
management. Each of these imaging modalities provides 
distinct information about tumor characteristics, which may 
be beneficial when tailoring an individual treatment plan. For 
example, MG can be used to detect calcifications and archi‑
tectural distortions, while SWE offers quantitative data on 
tissue stiffness that indicates tumor aggressiveness, and MRI 
provides detailed information on tumor vascularity and perfu‑
sion. By combining these modalities, clinicians can obtain a 
comprehensive profile of the tumor, enabling more precise risk 
stratification and treatment planning. This integrated imaging 
approach may be used to inform decisions regarding the 
necessity of neoadjuvant chemotherapy, the extent of surgical 
intervention, or the use of targeted therapies, in line with the 
principles of personalized medicine. Moreover, advanced 
imaging parameters, such as the elasticity measurements 
from SWE and the DCE patterns from MRI, could be used 
to monitor the response to treatment, allowing therapy adjust‑
ments to be made on the basis of real‑time tumor changes. 
This approach should not only enhance diagnostic accuracy 
but also support a more individualized and adaptive treatment 
strategy, ultimately improving patient outcomes.

The findings of the present study could have translational 
impact, although further research is required to clarify this. 
For instance, SWE assesses tissue stiffness, which is associ‑
ated with the composition of the extracellular matrix (ECM) 
and the presence of fibrotic tissue. In breast cancer, increased 
stiffness often arises from collagen deposition and other ECM 
components, which contribute to tumor progression and metas‑
tasis (30). This indicates that SWE can quantitatively measure 
stiffness, thereby providing indirect information on fibrosis 
and ECM remodeling within the tumor. Moreover, MRI can 
capture hemodynamic changes associated with tumor angio‑
genesis, which is a hallmark of cancer progression (31), and 
DCE‑MRI evaluates vascular permeability and blood flow, 
reflecting abnormal blood vessel development in the tumor 
microenvironment. In additional, alterations in perfusion and 
oxygenation detected by MRI may indicate tumor hypoxia, 
which promotes aggressive phenotypes and therapy resis‑
tance (32). By associating these imaging features with factors 
within the tumor microenvironment, the combined application 
of SWE and MRI enhances diagnostic accuracy while offering 
valuable insights into tumor biology.

The present study had certain limitations that should be 
considered when interpreting the results. First, the relatively 
small sample size of 93 cases may affect the generalizability 
and statistical significance of the findings. Future studies 
could address this by increasing the sample size through 
multicenter collaborations to enhance the robustness and 
external validity of the results. Second, the retrospective 
nature of the study might have restricted data collection 
and recording, leading to potential biases. Conducting 
prospective studies in the future would allow for more 
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controlled data collection and the opportunity to explore 
additional clinical variables in real time. Additionally, the 
present study lacks a separate validation group to confirm 
the diagnostic performance of the combined imaging 
modalities due to limitations in sample availability. Future 
research should address this by including independent 
validation datasets to confirm the reproducibility of the 
results and provide stronger evidence for the clinical utility 
of the multimodal imaging approach in breast cancer 
diagnosis. Furthermore, as the present study primarily 
focused on diagnostic performance, the applicability of 
this combination of imaging techniques for the analysis of 
long‑term follow‑up outcomes, such as treatment response 
and survival rates, requires further investigation. Future 
research could include longitudinal follow‑up studies to 
evaluate the impact of these imaging modalities on patient 
outcomes, providing a more comprehensive understanding 
of their clinical utility in breast cancer management. Lastly, 
the present study did not explore the biological or physical 
mechanisms underlying the combined use of MG, SWE 
and MRI in breast cancer diagnosis. Future research should 
focus on mechanistic and translational studies to clarify 
these principles, providing insights into the potential syner‑
gies and enhancing understanding of their diagnostic roles.

In conclusion, the combination of MG with SWE and MRI 
demonstrates a strong performance in the early diagnosis of 
breast cancer, offering high diagnostic accuracy and reliability. 
Overall, the present study provides a solid medical imaging 
foundation for the early screening and diagnosis of breast cancer.
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