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Abstract
Background  It is challenging to correctly identify and diagnose breast nonmass lesions. This study aimed to explore 
the multimodal ultrasound features associated with malignant breast nonmass lesions (NMLs), and evaluate their 
combined diagnostic performance.

Methods  This retrospective analysis was conducted on 573 breast NMLs, including 309 were benign and 264 
were malignant, their multimodal ultrasound features (B-mode, color Doppler and strain elastography) were 
assessed by two experienced radiologists. Univariate and multivariate logistic regression analysises were used to 
explore multimodal ultrasound features associated with malignancy, and a nomogram was developed. Diagnostic 
performance and clinical utility were evaluated and validated by the receiver operating characteristic (ROC) curve, 
calibration curve and decision curve in the training and validation cohorts.

Results  Multimodal ultrasound features including linear (odds ratio [OR] = 4.69) or segmental distribution (OR = 7.67), 
posterior shadowing (OR = 3.14), calcification (OR = 7.40), hypovascularity (OR = 0.38), elasticity scored 4 (OR = 7.00) 
and 5 (OR = 15.77) were independent factors associated with malignant breast NMLs. The nomogram based on 
these features exhibited diagnostic performance in the training and validation cohorts were comparable to that of 
experienced radiologists, with superior specificity (89.4%, 89.5% vs. 81.2%) and positive predictive value (PPV) (89.2%, 
90.4% vs. 82.4%). The nomogram also demonstrated good calibration in both training and validation cohorts (all 
P > 0.05). Decision curve analysis indicated that interventions guided by the nomogram would be beneficial across a 
wide range of threshold probabilities (0.05-1 in the training cohort and 0.05–0.93 in the validation cohort).

Conclusions  The combined use of linear or segmental distribution, posterior shadowing, calcification, 
hypervascularity and high elasticity score, displayed as a nomogram, demonstrated satisfied diagnostic performance 
for malignant breast NMLs, which may contribute to the imaging interpretation and clinical management of tumors.
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Introduction
With the advancement of ultrasound technology and the 
widespread application of ultrasound in clinical practice, 
we often encounter lesions that do not meet the criteria 
for breast masses, known as nonmass lesions (NMLs), 
which are often associated with mammographic abnor-
malities such as asymmetries or suspicious calcifica-
tions, as well as nonmass enhancement on MRI [1–3]. 
Mammography is the gold standard for detecting breast 
microcalcifications, but the sensitivity limited espe-
cially in women with dense breasts, as well as by other 
challenges and potential problems including radiation 
exposure and poor reproducibility. MRI showed high 
sensitivity for nonmass enhancement, but the accom-
panying high false positive results may lead to unneces-
sary treatment, which was not recommended for breast 
disease screening. In recent years, there has been an 
increase in recognition and understanding of nonmass 
findings on ultrasound, and there is possible to introduce 
them as a distinct category in the upcoming sixth edition 
of the Breast Imaging Reporting and Data System (BI-
RADS) [4]. The incidence of breast NMLs detected dur-
ing screening ultrasound ranges from 1.0 to 5.3% [5, 6], 
with malignancy accounting for 10–54%, underscoring 
the importance of accurate identification and diagnosis 
of these lesions [7, 8].

Reports on ultrasound-detected NMLs are increasing, 
its definition, features and outcomes have been investi-
gated in multiple studies [5, 6, 9–12]. Based on a review 
of relevant literature and pertinent clinical expertise, the 
widely recognized description of NML is discrete areas 
with altered echotexture that different from the normal 
breast tissue, lacking specific shape and margin on ultra-
sound [9, 13–15]. The proposed major features of breast 
NMLs are distribution and echo pattern, associated fea-
tures including calcification, architectural distortion, 
duct changes, posterior features, small cysts, vascularity 
and elasticity [9, 13–16]. Various studies have assessed 
NMLs based on their distribution and/or some of the 
associated features, results showed the average posi-
tive predictive value (PPV) ranged from 7.4 to 83.9% [5, 
10–12, 17, 18]. With the development and application of 
multimodal ultrasound, it has been reported to improve 
the diagnostic performace for malignant NMLs, espe-
cially in specificity, from 29 to 77.4% [17, 19, 20]. Higher 
specificities (69.0-90.5%) have reported in the combina-
tion with color Doppler ultrasound and/or shear-wave 
elastography features in BI-RADS category 4a NMLs 
detected on 2D ultrasound, without significant loss in 
sensitivities (97.3–100%) [19].

In our breast ultrasound diagnostic center, we routinely 
utilize B-mode ultrasound, color Doppler, and strain 
elastography techniques for each patient, providing com-
prehensive data for analysis. To our knowledge, this study 

represents the first retrospective evaluation of breast 
NMLs based on proposed features and descriptors, aim-
ing to investigate the ultrasound features associated with 
malignancy and assess their combined diagnostic perfor-
mance and clinical utility.

Materials and methods
Patients
The institutional review board of our institution 
approved this retrospective study, and requirement for 
individual informed consent was waived. From January 
2020 to March 2023, 1537 consecutive women under-
went breast ultrasound examination at our institution’s 
Breast Ultrasound Diagnostic Center, and were described 
or reported as NMLs [9, 13–15]. The inclusion criteria 
were: (1) completed multimodal ultrasound, and were 
confirmed as nonmass lesions after retrospective ana-
lyzed by 2 experienced radiologists; (2) no previous sur-
gery history or current neoadjuvant chemotherapy; (3) 
ultimately confirmed by ultrasound guided core needle 
biopsy or surgical pathology. The exclusion criteria were: 
(1) failed to complete multimodal ultrasound examina-
tions, or the image quality was unsatisfied; (2) pregnant 
or breastfeeding women; (3) The final pathological results 
have not been confirmed. All included lesions were ran-
domly assigned to a training and validation cohort in a 
7:3 ratio. Flowchart for patient selection is shown in Fig. 
S1.

Ultrasound examinations
Breast ultrasound examinations were conducted using an 
Acuson S2000 machine equipped with a 5–14 MHz lin-
ear array transducer (Siemens Medical Solutions, Moun-
tain View). All patients concurrent underwent B-mode 
ultrasound, color Doppler, and strain elastography 
examinations by experienced radiologists. Patients were 
positioned supine with elevated arms to ensure complete 
exposure of the area under examination. The ultrasound 
device was set with pre-established configurations for 
breast scanning, and adjustments were made to the depth 
and gain according to the specific characteristics of the 
breast tissue, focusing on the region of interest (ROI). 
For each identified breast lesion, at least two orthogonal 
B-mode images were saved, and the lesion dimensions 
were accurately measured. Vascular flow signals were 
then assessed, with the initial velocity setting for color 
Doppler set between 3 and 4 cm/s. Further adjustments 
to the velocity range, color scanning area, and gain were 
made based on the observed vascular pattern. Once an 
optimal B-mode image was obtained, the system was 
switched to strain elastography mode, ensuring that the 
selected ROI included various tissue types and that the 
lesion comprised at least one-quarter of the ROI. The 
probe was consistently kept perpendicular to the skin 
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surface without applying additional pressure, and the 
rigidity of the lesion was considered assessable when the 
quality factor reached or exceeded 50.

Image analysis
Two radiologists (L.F. and L.X with 7 and 18 years of 
breast ultrasound experience, respectively) retrospec-
tively examined the B-mode ultrasound, color Doppler, 
and strain elastography images without knowledge of the 
pathological results. They recorded and evaluated the 
location, number, size, distribution, internal echo, and 
associated features such as calcifications, architectural 
distortion, duct changes, posterior features, small cysts, 
vascularity and elasticity. Subsequently, a BI-RADS cate-
gory was assigned to each NML mainly based on the dis-
tribution and associated features. For purely hypoechoic 
area with focal distribution or small cysts were recom-
mend a category 3, and the lesions with the other associ-
ated features should be assigned to category 4 or 5. For 
the cases of disagreement, the two radiologists would 
engage in a detailed discussion to reach a mutual consen-
sus on the final interpretation of the results.

The vascularity of the NMLs were assessed based on 
the Adler classification [21]: level 0 indicated no blood 
flow; level 1 showed minimal flow, with 1 to 2 punc-
tate or slender rod-shaped flows, not exceeding half the 
lesion’s diameter; level 2 indicated moderate flow, with 3 
to 4 punctate flows or a longer flow traversing the lesion, 
reaching or exceeding half its diameter; level 3 repre-
sented substantial flow, visible as ≥ 5 punctate flows or 
2 longer flows penetrating the lesion, each reaching or 
surpassing half its diameter in length. In this study, level 
0 and 1 were classified as hypovascularity, while levels 2 
and 3 were considered hypervascularity.

A five-point scoring system was utilized in strain elas-
tography to assess the elasticity of lesions [22]: scored 1 
indicated soft lesion; scored 2 indicated the lesion has 
both soft and hard components; scored 3 indicated the 
lesion is relatively stiff and smaller on the elastogram 
than on B-mode; scored 4 indicated the lesion is stiff and 
the same size as B-mode; scored 5 indicated the lesion is 
stiff and larger than B-mode. Scored 1 to 3 typically sug-
gest benign lesions, while scored 4 and 5 are indicative of 
malignant lesions.

Data and statistical analysis
Data processing and analysis were performed using R 
version 4.3.0 (2023-04-21), along with Storm Statistical 
Platform (www.medsta.cn/software). Chi-square test and 
the t-test were used to evaluate the consistency of various 
factors in the training and validation cohort. Univariate 
and multivariate logistic regression analysises were used 
to explore the multimodal ultrasound features associ-
ated with malignant breast NMLs, and a nomogram was 

developed based on the significant features. Receiver 
operating characteristic (ROC) curve was constructed to 
evaluate the diagnostic performance of the nomogram 
and radiologists. The area under the curve (AUC), accu-
racy, sensitivity, specificity, PPV and negative predictive 
value (NPV) were calculated. Calibration curve analysis 
was used to explore the consistency between the pre-
dicted and true values. Decision curve analysis was used 
to calculate the net benefit from the models at different 
threshold probabilities. P < 0.05 indicated a statistically 
significant difference.

Results
Patient characteristics
A total of 548 female patients (range: 16–86 years, aver-
age age: 46.42 ± 13.07 years) with 573 breast NMLs were 
finally included in the study. 309 (53.9%) were benign 
and 264 (46.1%) were malignant, of which 163 were 
diagnosed by ultrasound guided core needle biopsy and 
410 were confirmed by surgical pathology, details of the 
results are shown in Table S1. Patient characteristics were 
comparable between the training and validation cohorts 
(all P > 0.05, Table 1).

Multimodal ultrasound features associated with malignant 
NMLs
In the univariate logistic regression analysis, various 
ultrasound features such as regional or segmental distri-
bution, posterior shadowing, calcification, architectural 
distortion, duct change, vascularity and elasticity scored 
4 and 5 were found to be significantly associated with 
malignant breast NMLs (all P < 0.05, as shown in Table 2). 
Subsequent multivariate logistic regression analysis 
further confirmed that linear (odds ratio [OR] = 4.69, 
P = 0.021) or segmental distribution (OR = 7.67, P = 0.020), 
posterior shadowing (OR = 3.14, P = 0.006), calcifica-
tion (OR = 7.40, P < 0.001), hypovascularity (OR = 0.38, 
P = 0.003), elasticity scored 4 (OR = 7.00, P < 0.001) and 
5 (OR = 15.77, P < 0.001) in strain elastography were 
independent factors associated with malignant NMLs 
(Table 2). A nomogram incorporating these features was 
developed and presented in Fig. 1. Each ultrasound fea-
ture corresponds to a specific quantitative value, and the 
cumulative points for each NML correspond to a corre-
sponding malignant risk value.

Performance of the nomogram based on the associated 
multimodal ultrasound features
ROC curves of the nomogram and radiologists to diag-
nose malignant breast nonmass lesions are depicted in 
Fig. 2, with corresponding values for AUC, accuracy, sen-
sitivity, specificity, PPV, and NPV provided in Table  3. 
Which showed the diagnostic performance of the nomo-
gram based on the multimodal ultrasound features was 

http://www.medsta.cn/software
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satisfactory both in the training and validation cohorts, 
comparable to that of experienced radiologists. Cali-
bration curves in Fig.  3 demonstrated good calibra-
tion in both cohorts. Decision curves in Fig. 4 indicated 
that interventions guided by the nomogram would be 

beneficial across a wide range of threshold probabilities 
(0.05-1 in the training cohort and 0.05–0.93 in the vali-
dation cohort). Representative cases are illustrated in 
Figs. 5 and 6.

Table 1  Patient characteristics in the training and validation cohorts
Variables Total 

(n = 573)
Training cohort
(n = 401)

Validation cohort
(n = 172)

Statistic P value

Age, Mean ± SD 46.42 ± 13.07 46.14 ± 13.09 47.07 ± 13.03 t = 0.78 0.437
BI-RADS, n(%) χ² = 0.24 0.993
3 73 (12.74) 50 (12.47) 23 (13.37)
4 A 210 (36.65) 146 (36.41) 64 (37.21)
4B 164 (28.62) 115 (28.68) 49 (28.49)
4 C 90 (15.71) 64 (15.96) 26 (15.12)
5 36 (6.28) 26 (6.48) 10 (5.81)
Max Diameter, n(%) χ²=1.95 0.377
< 2 267 (46.60) 180 (44.89) 87 (50.58)
2–5 204 (35.60) 145 (36.16) 59 (34.30)
> 5 102 (17.80) 76 (18.95) 26 (15.12)
Distribution, n(%) χ²=1.17 0.760
focal 446 (77.84) 308 (76.81) 138 (80.23)
linear 19 (3.32) 15 (3.74) 4 (2.33)
regional 69 (12.04) 50 (12.47) 19 (11.05)
segmental 39 (6.81) 28 (6.98) 11 (6.40)
Echo Pattern, n(%) χ²=0.43 0.805
hyperechoic 9 (1.57) 6 (1.50) 3 (1.74)
Hypoechoic 520 (90.75) 366 (91.27) 154 (89.53)
mixed 44 (7.68) 29 (7.23) 15 (8.72)
Small Cysts, n(%) χ²=0.05 0.822
no 548 (95.64) 383 (95.51) 165 (95.93)
yes 25 (4.36) 18 (4.49) 7 (4.07)
Posterior Shadowing, n(%) χ²=2.79 0.095
no 488 (85.17) 335 (83.54) 153 (88.95)
yes 85 (14.83) 66 (16.46) 19 (11.05)
Calcifcation, n(%) χ²=0.32 0.573
no 330 (57.59) 234 (58.35) 96 (55.81)
yes 243 (42.41) 167 (41.65) 76 (44.19)
Architectural Distortion, n(%) χ²=0.03 0.859
no 370 (64.57) 258 (64.34) 112 (65.12)
yes 203 (35.43) 143 (35.66) 60 (34.88)
Duct Change, n(%) χ²=0.32 0.572
no 496 (86.56) 345 (86.03) 151 (87.79)
yes 77 (13.44) 56 (13.97) 21 (12.21)
Vascularity, n(%) χ²=1.01 0.315
hypervascularity 328 (57.24) 235 (58.60) 93 (54.07)
hypovascularity 245 (42.76) 166 (41.40) 79 (45.93)
Elasticity Score, n(%) χ²=1.14 0.564
≤ 3 318 (55.50) 220 (54.86) 98 (56.98)
4 182 (31.76) 126 (31.42) 56 (32.56)
5 73 (12.74) 55 (13.72) 18 (10.47)
Result, n(%) χ²=0.35 0.553
benign 309 (53.93) 213 (53.12) 96 (55.81)
malignant 264 (46.07) 188 (46.88) 76 (44.19)
BI-RADS: Breast Imaging Reporting and Data System, t: t-test, χ²: Chi-square test, SD: standard deviation
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Table 2  Results of univariate and multivariate logistic regression analysis between ultrasound features and malignant breast nonmass 
lesions
Variables Univariate logistic regression analysis Multivariate logistic regression analysis

β S.E Z P OR
(95%CI)

β S.E Z P OR
(95%CI)

Distribution
focal 1.00 (Reference) 1.00

(Reference)
linear 0.61 0.53 1.15 0.250 1.84

(0.65–5.21)
1.55 0.67 2.31 0.021 4.69

(1.26–17.42)
regional 1.42 0.34 4.23 < 0.001 4.14

(2.14–8.00)
0.75 0.45 1.69 0.090 2.13

(0.89–5.09)
segmental 3.04 0.74 4.09 < 0.001 20.93

(4.88–89.81)
2.04 0.87 2.33 0.020 7.67

(1.39–42.46)
Echo Pattern
hyperechoic 1.00 (Reference)
Hypoechoic -0.09 0.82 -0.11 0.915 0.92

(0.18–4.60)
mixed -0.64 0.91 -0.71 0.478 0.53

(0.09–3.10)
Small Cysts
no 1.00 (Reference)
yes -0.59 0.51 -1.16 0.245 0.55

(0.20–1.50)
Posterior Shadowing
no 1.00 (Reference) 1.00

(Reference)
yes 0.98 0.28 3.44 < 0.001 2.65

(1.52–4.62)
1.14 0.41 2.78 0.006 3.14

(1.40–7.03)
Calcifcation
no 1.00 (Reference) 1.00

(Reference)
yes 2.42 0.24 10.02 < 0.001 11.30

(7.03–18.16)
2 0.31 6.42 < 0.001 7.40

(4.02–13.64)
Architectural Distortion
no 1.00 (Reference)
yes 0.57 0.21 2.7 0.007 1.76

(1.17–2.66)
Duct Change
no 1.00 (Reference)
yes 0.74 0.3 2.49 0.013 2.09

(1.17–3.74)
Vascularity
hypervascularity 1.00 (Reference) 1.00

(Reference)
hypovascularity -2.17 0.24 -8.95 < 0.001 0.11

(0.07–0.18)
-0.96 0.32 -3.02 0.003 0.38

(0.21–0.71)
Elasticity Score
≤ 3 1.00 (Reference) 1.00

(Reference)
4 2.41 0.26 9.14 < 0.001 11.11

(6.63–18.62)
1.95 0.33 5.93 < 0.001 7.00

(3.68–13.31)
5 3.26 0.44 7.45 < 0.001 25.94

(11.01–61.11)
2.76 0.51 5.45 < 0.001 15.77

(5.85–42.52)
OR: Odds Ratio, CI: Confidence Interval



Page 6 of 11Yu et al. BMC Medical Imaging          (2024) 24:282 

Discussion
In this study, multimodal ultrasound features includ-
ing linear or segmental distribution, posterior shadow-
ing, calcification, vascularity, high elasticity scored 4 and 
5 were identified as significant factors associated with 
malignant breast NMLs. The nomogram’s performance 

utilizing these features was found to be comparable to 
that of experienced radiologists, and exhibiting superior 
specificity and PPV. Furthermore, the nomogram dis-
played good calibration and satisfactory clinical utility 
both in the training and validation cohorts.

Table 3  The diagnostic performances among the readers and the nomogram
AUC (95%CI) Accuracy Sensitivity Specificity PPV NPV cut-off value

Training cohort 0.907 (0.878–0.936) 83.3% 77.9% 89.4% 89.2% 78.1% 0.343
Validation cohort 0.896 (0.850–0.942) 83.1% 78.1% 89.5% 90.4% 76.4% 0.343
Readers 0.895 (0.869–0.921) 84.3% 87.9% 81.2% 82.4% 87.0% BI-RADS 4A
AUC: Area Under the Curve, CI: Confidence Interval, PPV: Positive Predictive Value, NPV: Negative Predictive Value

Fig. 2  Receiver operating characteristic curves of the readers and the nomogram in the training cohort and validation cohort. Performance of the no-
mogram in the two cohorts were comparable to that of the experienced radiologists

 

Fig. 1  A nomogram was developed in the training cohort by integrating multiple ultrasound features. The points assigned to each feature were estab-
lished by projecting a vertical line onto the points’ axis, 56 points in linear distribution, 74 points in segmental distribution, 42 points in posterior shadow-
ing, 72 points in calcification, 35 points in hypervascularity, 70 points in elasticity scored 4 and 100 points in scored 5, and the total points for each NML 
has a corresponding malignant risk value
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Since the introduction of breast NMLs on ultrasound, 
several studies have presented findings on the utilization 
of various ultrasound techniques either independently or 
in conjunction for assessing NMLs [23–28]. These stud-
ies have demonstrated varying degrees of enhancement 
in diagnostic accuracy and specificity of biopsy decisions. 
Nevertheless, a consistent characterization and classifica-
tion system for NMLs on ultrasound have been lacking 
in these studies, potentially resulting in discrepancies in 
interpretation and assessment among different radiolo-
gists. For instance, Ko et al. categorized NMLs into four 
types and assigned BI-RADS categories based on their 
PPVs, thereby establishing a dependable reference for 

stratifying NML risk [11]. However, this system exhibited 
a higher malignancy incidence (10-79%), which could 
lead to an increase in unnecessary biopsies. Another 
classification system, developed by Park et al., based on 
suspicious ultrasound findings or in combination with 
mammographic features, aimed to aid in the interpreta-
tion and management of breast NMLs [10]. The results 
indicated that this system significantly improved diagnos-
tic performance among radiologists, with an AUC rang-
ing from 0.951 to 0.956, and specificity increasing from 
49.3 to 76.8%. Choi et al. further outlined a standardized 
interpretation algorithm flowchart for BI-RADS classifi-
cation of NMLs using ultrasound features, this approach 

Fig. 4  The decision curve of the nomogram in the training (a) and validation (b) cohort. Three curves shows the benefit of intervening on patients based 
on the prediction model (blue), intervening all patients (red) or no patients (green), respectively. Take the intersection of the blue curve with the red curve 
as the starting point and the intersection with the green curve as the end point, within which patients would benefit from intervention according to 
the model. Results showed that interventions guided by the nomogram would be beneficial across a wide range of threshold probabilities (0.05-1 in the 
training cohort and 0.05–0.93 in the validation cohort)

 

Fig. 3  The calibration curve of the nomogram in the training (a) and validation (b) cohort. The bias-corrected calibration curve was used to evaluate 
the predictive ability of the model, with a closer resemblance to the ideal curve indicating better performance. Results demonstrated good calibration 
in both cohorts
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has demonstrated a reduction in false-positive rates on 
NML management in their clinical practice [10, 14, 15, 
29]. However, the efficacy of this approach requires fur-
ther validation across diverse institutions and scenarios. 
Recently, nomograms have emerged as valuable tools for 
establishing intuitive relationships between evaluation 
variables, offering quantitative and personalized methods 
for predicting cancer risk [30–32]. In our study, we have 
presented a quantitative association between multimodal 
ultrasound features and malignant breast NMLs, with the 
nomogram based on these features exhibiting satisfac-
tory performance.

In a prior study involving 229 cases, a nomogram was 
developed using patient age, clinical symptoms, and 
ultrasound features to predict malignant NMLs in the 
Asian population, demonstrating favorable diagnostic 
accuracy and clinical utility [33]. Of which, the mean-
ingful ultrasound features encompass orientation, echo 
patterns, calcification, and vascularity graded by Adler’s 
classification. But in our study, we only focused on the 

ultrasound features for the following reasons: ① the con-
tentious relationship between breast cancer and age [34, 
35], ② the majority of the participants in this research 
exhibit clinical manifestations, and this ultrasound exam-
ination is mostly used for diagnostic purposes, ③ multiple 
ultrasound descriptions of breast NMLs have been docu-
mented in existing literature, warranting further inves-
tigation and discussion. The current study incorporated 
proposed features and descriptors of NMLs, along with 
a larger sample size. Ultimately, our results exhibited 
higher AUC, sensitivity, and specificity compared to pre-
vious studies, indicating that the nomogram model has 
excellent diagnostic performance for malignant breast 
NMLs, and comparable to the performance achieved by 
experienced radiologists using BI-RADS categories. It is 
worth mentioning that it is important to acknowledge the 
considerable dependence of radiologists on their experi-
ence when characterizing and assessing breast NMLs.

In order to enhance the utility of multimodal ultra-
sound features in clinical practise, a nomogram was 

Fig. 5  The multimodal ultrasound features of a benign nonmass lesion attributed to adenosis were validated through surgical pathological confirmation. 
(a) hypoechoic area with focal distribution and architectural distortion on B-mode ultrasound (arrows) (b) hypervascularity (level 2 in Adler classification) 
on color Doppler (c) scored 3 on strain elastography. Assessed as BI-RADS category 4B by the two radiologists. Total points were 35 on the nomogram 
(35 points in hypervascularity), resulting in a malignant risk value less than the cut-off value (0.343), suggesting that unnecessary interventions could be 
avoided
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developed. This involved assigning numerical values to 
each individual ultrasound feature, with the total points 
for each NML corresponding to a specific malignant risk 
value for use in subsequent clinical decision-making. Of 
which, the elasticity scores emerged as the most influen-
tial feature in predicting malignancy in breast NMLs. The 
strain elasticity scores demonstrated a notable specificity 
of 93.8% for evaluating NMLs when the threshold was set 
between 3 and 4, as reported in a previous study [24]. In 
our study, scored 4 and 5 exhibited the highest ORs (7.00, 
15.77) and points (70, 100), we concluded that when the 
elastography suggests that a stiff NMLs will increase our 
confidence in the diagnosis of malignant lesions. The 
linear and segmental distribution patterns detected on 
ultrasound were found to be indicative of lesions within 
ducts and branches, often suggestive of ductal carcinoma 
in situ (DCIS) or suspicious multifocal breast cancer [36]. 
Compared to a previous study reporting an OR of 3.65 
[10], the current study revealed higher ORs of 4.69 and 
7.67 for linear and segmental distributions, with cor-
responding nomogram point values of 56 and 74, which 

further confirmed the risk correlation between linear and 
segmental distribution and malignancy. Additionally, the 
presence of calcifications on ultrasound was identified 
as a significant risk factor for breast cancer, which have 
been reported to be more than three times more likely 
to be malignant [5, 17, 37]. This was associated with an 
OR of 7.40 and assigned 72 points in predicting malig-
nant NMLs in the present study. The presence of pos-
terior shadowing on ultrasound imaging may indicate 
pathological alterations that stimulate the proliferation 
of connective tissue, leading to attenuation of the ultra-
sound beam [38]. This phenomenon can be observed in 
both benign and malignant lesions. Our findings revealed 
an OR of 3.14 and 42 points for malignant NMLs. Inter-
nal vascularity within a focal isoechoic or hypoechoic 
area was noted to aid in identifying NMLs, with PPVs of 
hypervascularity for malignant NMLs ranging from 27.5 
to 90.5% [17]. In our research, over half (57.2%, 328/573) 
of the NMLs were found to associated with hypervascu-
larity, and 67.7% of these were subsequently verified as 
malignant. Architectural distortion and duct changes are 

Fig. 6  The multimodal ultrasound features of a malignant nonmass lesion attributed to invasive breast cancer (grade III, invasive micropapillary carci-
noma) were verified through surgical pathological confirmation. (a) hypoechoic area with segmental distribution and multiple calcifications on B-mode 
ultrasound (arrows) (b) hypervascularity (level 3 in Adler classification) on color Doppler (c) scored 4 on strain elastography. Assessed as BI-RADS category 
4 C by the two radiologists. Total points were 251 on the nomogram (74 points in segmental distribution, 72 points in calcification, 35 points in hypervas-
cularity, 70 points in elasticity scored 4), resulting in a malignant risk value exceeding 0.9, in which intervention was required
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common features in breast NMLs, and more frequent in 
malignant lesions [1, 39, 40]. These findings indicated a 
statistically significant association with malignancy in the 
univariate logistic regression analysis, however, it was not 
observed in the multivariate logistic regression analysis. 
Considering the potential overlap of features between 
benign and malignant lesions in NMLs, pathological find-
ings in this study may offer insights into this scenario. It 
is noteworthy that benign lesions such as adenosis, mas-
titis, and intraductal papillomas have been significantly 
identified in NML cases exhibiting structural distortion 
or ductal changes in our study. Multi-center studies are 
warranted to be carried out in the future.

The present study had some limitations. Firstly, it was a 
retrospective, single center study with only internal vali-
dation of the retrospective data, further investigation is 
necessary to assess the predictive precision of the nomo-
gram for ultrasound NMLs and its practical application 
through additional multi-center external validation and 
prospective research studies. Secondly, all cases included 
in this study were confirmed by biopsy or surgical path-
ological results, potentially introducing bias in patient 
selection. Thirdly, the institution where the study was 
conducted serves as a breast tumor diagnosis center with 
a substantial number of referral patients, utilizing ultra-
sound examinations primarily for diagnostic purposes. 
Given the relatively high proportion of malignant breast 
NMLs in this setting, the findings may not be directly 
generalizable to screen all populations. Lastly, breast 
NML is still a relatively new concept that highly depends 
on the experience of the radiologists. The promotion, 
acceptance, and diagnostic efficacy of this concept in dif-
ferent institutions still need further research.

Conclusions
Breast nonmass lesions with linear or segmental distribu-
tion, posterior shadowing, calcification, hypervascularity 
and high elasticity score were associated with malig-
nancy. The combined use of these multimodal ultrasound 
features displayed as a nomogram, demonstrated satis-
fied diagnostic performance for malignant breast NMLs, 
which may contribute to the imaging interpretation and 
clinical management of tumors.
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