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Purpose: To develop an ultrasound predictive model to differentiate between benign and malignant complex cystic and solid
nodules (C-SNs).
Methods: A total of 211 patients with complex C-SNs rated as American College of Radiology Breast Imaging Reporting andData
System (ACRBI-RADS) category 4 or 5 on the ultrasound reports were included in the study, from June 2018–2021. Multivariate
stepwise logistic regression analysis was used to establish a predictive model, based on clinical and ultrasound features. The
diagnostic performance of the model was evaluated by the area under the curve (AUC) of the receiver operating characteristic
curve.
Results: A total of 109 breast nodules, including 74 benign nodules (67.89%) and 35malignant nodules (32.11%), were detected by
surgical pathology or puncture biopsy. Multivariate analysis showed that the blood flow (BF) of complex C-SNs (p = 0.03), cystic
fluid transmission (p = 0.02), longitudinal diameter (p < 0.001), and age (p = 0.03) were independent risk factors for malignant
complex cystic and solid breast nodules. The ultrasound model equation was Z = −12.14+ 2.24×X12 +1.97×X20 +0.40×
X7 +0.11×X0;M = ez

1
+ ez (M is the malignancy score, e = 2.72). The area under the curve (AUC) was 0.89, which indicated

good predictive utility for the model.
Conclusions: A prediction model incorporating major risk factors can predict the malignant C-SNs with accuracy.

Keywords: ultrasonography; predictive models; breast cancer; malignant; cystic; solid nodules

Introduction

Breast cancer is one of the most common malignant
tumors that affects women [1]. Ultrasound (US) is a sensi-
tive, fast, easy, and non-invasive method for screening for
breast cancer [2,3]. The Breast Imaging Reporting andData
system (BI-RADS) applies broadly to the semi-quantitative
analysis and prediction of malignant nodules [4]. Accord-
ing to the BI-RADS lexicon, the sonographic features of
complex cystic-solid nodules (C-SNs) were defined in the
BI-RADS dictionary as a combination of cystic and solid
components/cystic lesions with thick walls and thick sepa-
rations [5,6]. Complex cystic and solid breast lesions are
suspected of malignancy and classified as BI-RADS class
≥4 [4]. These lesions are diagnosed by biopsy and/or surgi-
cal resection [4–7]. However, there is a risk of spread, due
to leakage of cystic fluid during percutaneous core needle
biopsy, leading to positive margins and/or incomplete sur-
gical excision. Therefore, a non-invasive and accurate diag-
nosis of C-SNs would decrease the rate of positive margins
and re-excision [4,7–9].

The evaluation metrics, including shape, mode of
growth, nodule margins, and blood flow (BF) distribution,
are standardized features in the BI-RADS classification to
predict malignant breast nodules [10]. However, the BI-
RADS classification might lead to the underestimation of
such nodules [9]. Therefore, when faced with some com-
plex C-SNs, the BI-RADS classification could be insuffi-
cient for accurately assessing the malignant nature of nod-
ules. This makes it difficult for surgeons to take further
measures (surgery or biopsy) [11]. Hitherto, only a few
studies assessed the diagnosis of malignant complex C-SNs
of the breast, and different diagnostic results were men-
tioned in different studies. Kulali et al. [11] suggested that
the percentage of solid fraction and the morphological and
internal echogenic changes of the nodule are likely to be
among the predictors of malignant C-SNs. Although there
are some studies about the ultrasound features of C-SNs, a
relevant predictive model is yet to be established [10].

The present study aimed to develop predictive models,
termed the distinguishing risk of malignant C-SNs models,
for predicting benign or malignant complex C-SNs.
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Fig. 1. Flowchart.

Fig. 2. Images present general US characteristics of nodules. (1) The distribution of cyst-solid components is regular in the surround-
ing (a) or eccentric (b), and the arrow marks the cystic part. (2) The angle between the solid part and capsule wall is acute (c) or obtuse
(d). (3) Demarcation of the solid portion of the attached cystic wall from the peripheral glands is clear (e) or unclear (f), and the arrow
marks the demarcation. (4) The lesion shape is irregular (g) or regular (h), and the arrow marks irregular borders.
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Fig. 3. Images present significant US characteristics of the nodules. (1) Cystic fluid transmission is bad (a) and clarity (b), and the
arrow marks the cystic part. (2) Internal vascularity is abundant (c) or absent (d).

Materials and Methods

Patients
A total of 211 nodules in 205 patients from June 2018–

2021 were included in this study and the data collection was
consistent with relevant ethical requirements [12].

The inclusion criteria were as follows:
(a) Ultrasound (US) was performed and complete ul-

trasound images were obtained before procedure or biopsy;
(b) The nodules were described as complex C-SNs and

BI-RADS category 4 or 5 on the US reports;
(c) All nodules were received surgery or biopsied with

complete pathological findings.
The exclusion criteria were as follows:
(a) Pathological findings of the nodule were unclear

(n = 5 (15%));
(b) The minimal diameter of the nodule was <5 mm

(n = 10 (29%)) (Unclear structure within small nodules);
(c) The imaging and clinical information were incom-

plete or missing (n = 8 (24%));
(d) Patients received radiotherapy, chemotherapy, and

puncture biopsy before US examination (n = 2 (6%));
(e) Patient was breastfeeding at the time of US (n = 9

(26%)).
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Fig. 4. Receiver operator curve (ROC) for predictive equations for the benign and malignant cystic-solid nodules of the breast.
(a) Receiver operator curve (ROC) of training group, the AUC is 0.92 (95% CI, 0.88, 0.99). (b) Receiver operator curve (ROC) curve of
the validation group, the AUC is 0.89 (95% CI, 0.81, 0.97).

After screening, 177 nodules from 170 patients were
eligible for this study. A total of 109 nodules collected
in 2018–2020 were selected for the model training group,
and 68 nodules collected in 2021 comprised the validation
group. According to the BI-RADS US lexicon, a total of
177 nodules were classified as follows: 144 (81.4%) nod-
ules were category 4a, 15 (8.4%) nodules were category 4b,
10 (5.6%) nodules were category 4c, and 8 (4.5%) nodules
were category 5. The flowchart is shown in Fig. 1. Pathol-
ogy results were given by a pathologist and reviewed by
another senior pathologist.

Data Collection
The relevant clinical data were collected and defined

as the independent variable X, including age (X0), height
(X1), weight (X2), history of lactation (X3), history of
menopause (X4), and family history of breast cancer (X5).
The above variables are defined in Table 1.

Ultrasonographic Image Features
(a) Instrument selection: The images of patients and

cases in this study were acquired using multiple ultrasonic
diagnostic apparatus from the US Department of Ultra-
sound Medicine, Zhejiang Provincial People’s Hospital, in-
cluding Philips Epic 5 ultrasound system (USD18C1531,
Philips Medical Systems, Bothell, WA, USA), Super-
sonic Aixplorer ultrasound system (CE14PS76, Supersonic
Imagine, Aix-en-Provence, France), Mindray Resona 7S
(7Y-71000028, Mindray, Shenzhen, China), and Mindray

DC-8 (QE-5C003984, Mindray, Shenzhen, China). Images
were acquired using high-frequency linear array transducer
with a central frequency of≥12 MHz, and the machine set-
tings were optimized to obtain high-quality grayscale and
color Doppler images of the target lesions. The maximum
diameter of the lesion was measured on the largest cross-
section.

(b) Ultrasonic feature selection and definition: Ac-
cording to BI-RADS, the morphology, growth orientation,
margins (X8), echogenic pattern, posterior acoustic shad-
owing, and concomitant changes in the breast nodules are
the routine US features that predict malignancy [9,13].

To provide a comprehensive perspective on the ultra-
sound characteristics of the nodules, specific USmanifesta-
tions and defined the C-SNswere observed, as follows: The
size of the nodule using the maximum transverse diameter
(X6), the longitudinal diameter (X7) of the largest section
perpendicular to each other, and the ratio of longitudinal di-
ameter to transverse diameter (dichotomous variables, >1
or <1) (X10). The lesion shape of the nodules was divided
into two categories: Regular and irregular (X9). The distri-
bution of cyst-solid components was divided into eccentric
and regular surrounding (X11). Cystic fluid transmission
was categorised as clarity and turbidity (X12). The Cystic
-solid intersection was categorised as regular and irregular
(X13). The angle between the solid part and the nodule wall
was categorised as acute and obtuse (X14). The demarca-
tion of solid-peripheral glands was categorised as clear and
unclear (X15). The echo pattern of the solid portion was cat-
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Fig. 5. Patient cases and schematic images present the phenomenon of “Flowers in clouds”. Images of (a), (b), and (c) are US
feature images, and the image of (d) is a schematic diagram with white arrows representing the BF signal and yellow arrows representing
the badly transmissive cystic component.

egorised as hypoechoic and extra hypoechoic (X16). The
homogeneity of nodule was categorised as homogeneous
and inhomogeneous (X17). The presence of sponge-like
structures/capsules was grouped as yes or no (X18). Themi-
crocalcification of nodule was categorised as absence and
abundant (X19).

The US variables were observed by two physicians
with at least 5 years of experience in breast cancer diagno-
sis [14]. These images without any pathology results were
obtained from the hospital picture archiving and commu-
nication system (PACS) or ultrasound image workstation

of the ultrasonic diagnostic apparatus. The US physicians
were blinded to the final pathological diagnosis.

The following clinically relevant variables were com-
bined and assigned. The classification criteria and assign-
ment are shown in Fig. 2 and Table 1.

In this study, the blood flow (BF) was defined and
graded using the Adler grading method of general color
Doppler. The BF was classified as absent (grade 0), mild
(grade 1), moderate (grade 2), or significant (grade 3) ac-
cording to the region of interest (ROI). No BF was defined
as grade 0; Minimal (grade 1) BF was defined as including
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Table 1. Assignments and interpretation of clinical and US variables.
Characteristics Variable Definition

Nodular malignancy Y Yes: Y = 1; No: Y = 0
Clinical Data:

Age (years) X0 Continuous variables
Height (cm) X1 Continuous variables
Weight (kg) X2 Continuous variables
Lactation history X3 Yes: X3 = 1; No: X3 = 0
History of menopause X4 Yes: X4 = 1; No: X4 = 0
Family medical history X5 Yes: X5 = 1; No: X5 = 0

US characteristics:
Transverse diameter (mm) X6 Continuous variables
Longitudinal diameter (mm) X7 Continuous variables

Margin X8
Unclear: X8 = 1;
Clear: X8 = 0

Lesion shape X9
Irregular: X9 = 1;
Regular: X9 = 0

Aspect Ratio (Ratio)∗ X10
R <1: X10 = 1;
R >1: X10 = 0

Distribution of cyst-solid components X11
Eccentric: X11 = 1;
Surrounding: X11 = 0

Cystic fluid transmission X12
Poor: X12 = 1;
Clear: X12 = 0

Cystic-solid intersection X13
Irregular: X13 = 1;
Regular: X13 = 0

The angle between solid part and nodule wall X14
Obtuse angle: X14 = 1;
Acute angle: X14 = 0

Solid-peripheral glands demarcation∗∗ X15
Unclear: X15 = 1;
Clear: X15 = 0

Echo pattern of solid portion X16
Extra Hypoechoic: X16 = 1;
Hypoechoic: X16 = 0

Homogeneity X17
Inhomogeneous: X17 = 1;
Homogeneous: X17 = 0

Presence of sponge-like structures/capsules X18
Yes: X18 = 1;
No: X18 = 0

Microcalcification X19
Yes: X19 = 1;
No: X20 = 0

Internal vascularity/BF X20
Abundant: X20 = 1;
Absence: X20 = 0

∗Aspect Ratio is the ratio of the longitudinal diameter to the transverse diameter. ∗∗Solid-peripheral
gland demarcation is demarcation of the solid portion of the attached cystic wall from the peripheral
glands. Homogeneous refers to the cystic part. R, Ratio; BF, Blood flow; US, Ultrasound.

Table 2. Adler grading and assignment.
Levels of blood flow Definitions

Absence (X20 = 0):
Grade 0 No blood flow detected
Grade 1 1 or 2 pixels containing blood flow signals

(diameter <0.1 cm)
Abundant (X20 = 1):

Grade 2 Multiple small vessels or 1 main vessel
Grade 3 ≥4 vessels

one or two pixels containing BF signals (<0.1 cm in diame-
ter); Moderate (grade 2) BF included multiple small vessels
or one main vessel; And significant (grade 3) BF included
four or more vessels [15]. To simplify the equation flow,
make a comparison, and reduce the subjective bias of the
operator, grades 0 and 1 were defined as absent BF (X20 =
0), and grades 2 and 3 were defined as abundant BF (X20 =
1). The grades are described in Fig. 3 and Table 2.

To reduce bias, two sonographers with >5 years of
experience in breast US diagnosis independently assessed
theUS characteristic variables before surgery or biopsy, and
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Table 3. Basic characteristics of the patients and US features of the lesions (Training group).

Characteristics
Training group

t-value/χ2 p-value
Benign (n = 74) Malignant (n = 35)

Age (years) 42.8 ± 9.9 55.5 ± 13.3 –5.57 <0.01
Height (cm) 160.0 ± 5.2 157.4 ± 6.4 2.08 0.05
Weight (kg) 58.92 ± 7.9 61.1 ± 7.6 –1.38 0.17
Transverse diameter (mm):

Median [IQR] 11.7 [8.7–15.3] 35.0 [22.3–46.8] –7.04 <0.01
Longitudinal diameter (mm):

Median [IQR] 6.7 [4.9–9.6] 20.0 [14.6–32.8] –6.91 <0.01
Aspect Ratio (Ratio)∗:

Ratio <1 73 (98%) 32 (91%)
3.50 0.09Ratio ≥1 1 (2%) 3 (9%)

Lactation history, n (%):
No 11 (14.9%) 0 (0%)

5.78 0.01Yes 63 (85.1%) 35 (100%)
History of menopause, n (%):

No 56 (76%) 17 (49%)
7.89 <0.01Yes 18 (24%) 18 (51%)

Family medical history, n (%):
No 72 (97%) 34 (97%)

<0.01 1.0Yes 2 (3%) 1 (3%)
Margin, n (%):

Clear 56 (78%) 14 (40%)
13.16 <0.01Unclear 18 (24%) 21 (60%)

Lesion shape, n (%):
Regular 43 (58%) 7 (20%)

13.89 <0.01Irregular 31 (42%) 28 (80%)
Distribution of cyst-solid components, n (%):

Surrounding 31 (42%) 5 (14%)
8.19 <0.01Eccentric distribution 43 (58%) 30 (86%)

Cystic fluid transmission, n (%):
Clarity 66 (84%) 6 (40%)

21.58 <0.01Bad 8 (16%) 29 (60%)
Cystic-solid intersection, n (%):

Regular 30 (41%) 7 (20%)
4.47 0.05Irregular 44 (60%) 28 (80%)

Angle between solid part and nodule wall, n (%):
<90° 42 (57%) 14 (40%)

2.67 0.15≥90° 32 (43%) 21 (60%)
Solid-peripheral glands demarcation∗∗, n (%):

Clear 67 (91%) 28 (80%)
2.36 0.14Unclear 7 (9%) 7 (20%)

Echo pattern of solid portion, n (%):
Hypoechoic 74 (100%) 33 (94%)

4.31 0.10Extra Hypoechoic 0 (0%) 2 (6%)
Homogeneity, n (%):

Homogeneous 33 (44.6%) 10 (28.6%)
2.55 0.14Inhomogeneous 41 (55.4%) 25 (71.4%)

Presence of sponge-like structures/capsules, n (%):
No 58 (78%) 20 (57%)

5.26 0.04Yes 16 (22%) 15 (43%)
Microcalcification, n (%):

No 61 (82 %) 25 (71%)
1.73 0.21Yes 13 (18%) 10 (29%)

Internal vascularity/BF, n (%):
Absent 69 (82%) 8 (49%)

13.39 <0.01Abundant 5 (18%) 27 (91%)
∗Aspect Ratio is the ratio of the longitudinal diameter to the transverse diameter. ∗∗Solid-peripheral gland demarcation is the
demarcation of the solid portion of the attached cystic wall from the peripheral glands. Homogeneous refers to the cystic part. BF,
Blood flow; IQR, Interquartile range.
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Table 4. Basic characteristics of the patients and US features of the lesions (Validation group).

Characteristics
Validation group

t-value/χ2 p-value
Benign (n = 44) Malignant (n = 24)

Age (years) 43.9 ± 11.7 52.8 ± 12.7 –1.95 0.06
Height (cm) 160.2 ± 4.9 157.8 ± 6.8 1.72 0.09
Weight (kg) 58.8 ± 8.7 60.4 ± 6.8 –0.76 0.45
Transverse diameter (mm):

Median [IQR] 9.9 [7.6–13.3] 19.8 [11.4–33.3] –3.71 <0.01
Longitudinal diameter (mm):

Median [IQR] 5.5 [4.2–6.4] 12.05 [8.8–21.8] –4.72 <0.01
Aspect Ratio (Ratio)∗:

Ratio <1 44 (100%) 24 (100%) —— ——
Ratio ≥1 —— ——

Lactation history, n (%):
No 18 (40%) 7 (29%)

0.92 0.43Yes 26 (60%) 17 (71%)
History of menopause, n (%):

No 32 (72%) 13 (54%)
2.39 0.18Yes 12 (28%) 11 (46%)

Family medical history, n (%):
No 37 (84%) 20 (83%)

0.01 1.00Yes 7 (16%) 4 (17%)
Margin, n (%):

Clear 38 (86%) 6 (25%)
25.61 <0.01Unclear 6 (14%) 18 (75%)

Lesion shape, n (%):
Regular 24 (54%) 5 (20%)

7.21 0.01Irregular 20 (46%) 19 (80%)
Distribution of cyst-solid components, n (%):

Surrounding 31 (70%) 6 (25%)
12.94 <0.01Eccentric distribution 13 (30%) 18 (75%)

Cystic fluid transmission, n (%):
Clarity 33 (75%) 6 (25%)

15.87 <0.01Bad 11 (25%) 18 (75%)
Cystic-solid intersection, n (%):

Regular 12 (27%) 10 (41%)
1.47 0.28Irregular 32 (63%) 14 (59%)

Angle between solid part and nodule wall, n (%):
<90° 26 (59%) 14 (58%)

<0.01 1.00≥90° 18 (41%) 10 (42%)
Solid-peripheral glands demarcation∗∗, n (%):

Clear 41 (93%) 21 (88%)
0.62 0.66Unclear 3 (7%) 3 (12%)

Echo pattern of solid portion, n (%):
Hypoechoic 40 (90%) 20 (83%)

0.86 0.44Extra Hypoechoic 4 (10%) 4 (17%)
Homogeneity, n (%):

Homogeneous 18 (41%) 12 (50%)
0.52 0.61Inhomogeneous 26 (59%) 12 (50%)

Presence of sponge-like structures/capsules, n (%):
No 28 (63%) 18 (75%)

0.92 0.42Yes 16 (37%) 6 (25%)
Microcalcification, n (%):

No 38(86%) 18 (75%)
1.38 0.32Yes 6 (14%) 6 (25%)

Internal vascularity/BF, n (%):
Absent 31 (70%) 7 (29%)

10.74 <0.01Abundant 13 (30%) 17 (71%)
∗Aspect Ratio is the ratio of the longitudinal diameter to the transverse diameter. ∗∗Solid-peripheral gland demarcation is the
demarcation of the solid portion of the attached cystic wall from the peripheral glands. Homogeneous refers to the cystic part. BF,
Blood flow; IQR, Interquartile range.
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Table 5. The Statistical results of the traditional model.
Characteristics β SE OR 95% CI p value

Age 0.11 0.05 1.11 1.01–1.23 0.04∗

Longitudinal diameter 0.40 0.09 1.49 1.24–1.81 <0.01∗

Cystic fluid transmission 2.24 0.92 9.40 1.56–56.78 0.02∗

BF 1.97 0.92 7.16 1.17–43.67 0.03∗

β, Regression coefficient; SE, Standard error; OR, Odds ratio; CIs,
Confidence intervals; BF, Blood flow distribution. ∗indicates sta-
tistically significant difference.

the subjective variable X6−23 was subjected to coherence
analysis to calculate the kappa value. Any disagreement
on the suitability of a trial for inclusion in the review was
resolved by a consensus through discussion.

Statistical Analysis
Statistical analysis was performed using Statistical

Package for the Social Sciences (SPSS) version 23.0 (SPSS
Inc., Chicago, IL, USA). Normally distributed continuous
data were described as mean± standard deviation and com-
pared using the independent samples t-test. Continuous
data that did not fit a normal distribution were described as
the median [interquartile range] (IQR) and compared using
Mann-Whitney U tests. Categorical data were described as
frequency (%) and compared using the chi-squared test, re-
sorting to the Mann-Whitney U test when frequencies <5
were observed in ≥20% of cells and Fisher’s exact test for
comparisons that fitted 2 × 2 tables. Potential risk factors
were evaluated in a two-step analysis, using univariate anal-
ysis, to screen variables for consideration, then multivariate
analysis to evaluate the screened variables as predictors of
reactions.

A total of 109 out of 177 (61.58%) cystic-solid breast
nodes comprised themodel training group (data from 2018–
2020), and logistic forward stepwise analysis selected
meaningful variables to establish a risk prediction model
(inclusion criteria: p < 0.05, exclusion criteria: p > 0.1).
The Wald chi-squared test was applied to the regression pa-
rameter estimates, and Hosmer–Lemeshow goodness-of-fit
test was used to assess the overall goodness of fit of the
models.

The 68 complex C-SNs (collected in 2021) comprised
the model validation group, and the accuracy, sensitivity,
specificity, positive and negative predictive value and odds
ratio were calculated to validate the model. The receiver
operating characteristic (ROC) curve analysis was applied
to calculate the area under the curve, so as to evaluate the
diagnostic efficacy of each variable entering the model and
the whole model, respectively. A p value <0.05 was set to
indicate statistically significant difference.

Results

Baseline Characteristics
A total of 177 nodules (including the training and the

validation groups) with complex C-SNs of the breast were
analyzed. Among these, 118 (67%) were patients with be-
nign nodules, and 59 (32%) were with malignant nodules
(Tables 3 and 4). Atypical lesion and borderline phyllodes
tumors were classified as benign in this study.

Patients with malignant nodules were older than those
with benign nodules (55.5± 13.3 vs. 42.8± 9.9 years, p<
0.01). However, no significant difference was observed in
height and weight (height: p > 0.05; Weight: p = 0.17).

The agreement between the two US physicians was
analyzed using the Kappa test. The Kappa value was 0.71,
indicating a high concordance. Malignant lesions were sig-
nificantly more frequently seen in nodules with badly trans-
missive cystic sections (29/44, 60%), compared to the nod-
ules with better transmissivity (6/44, 40%, p< 0.05). Also,
for nodules with abundant BF signal, malignant nodes were
found significantly more frequently than those with less ab-
sence of BF signal (27/35, 91% vs. 8/35, 9%, p < 0.05).
With univariate analysis, variables with statistically signif-
icant differences (p< 0.05) (Table 3) were used as indepen-
dent variables in the logistic regression.

Multiple Factors Analysis and Model Building
Multivariable logistic regression analysis showed that

the BF profile of complex C-SNs (X20; Odds ratio (OR):
7.16; 95% confidence interval (CI): 1.17–43.67; p = 0.03),
cystic fluid transmission (X12; OR: 9.40; 95% CI: 1.55–
56.77; p = 0.02), longitudinal diameter (X7; OR: 1.49; 95%
CI: 1.23–1.81; p < 0.01), and age (X0; OR: 1.11; 95% CI:
1.00–1.23; p = 0.03) were independent risk factors for ma-
lignancy (Table 5). The score M value was calculated ac-
cording to the logistic regression transformation equation
with the following formula: Z = −12.14+2.24×X12+

1.97×X20 + 0.40×X7 + 0.11×X0;M = ez

1 + ez (M
is the malignancy score, e = 2.72).

Model Validation
Hosmer–Lemeshow test was used to evaluate the

goodness-of-fit of the regression model, p = 0.95, indicat-
ing a good fitting effect. The coefficient of determination
R2 was 0.81, indicating high accuracy of the model predic-
tion.

The results of the model calculation for 68 complex C-
SNs of the breast were compared to the pathological gold
standard, and the ROC curve analysis of the model is shown
in Fig. 4. The area under the curve (AUC) of the whole
model was 0.89, and the optimal cut-off value of the model
was calculated using the Youden index. Thus, it can be con-
cluded that the sensitivity of the model is 88% when the M
value is 0.1369, the specificity is 84%, the positive predic-
tive value is 75%, and the negative predictive value is 93%.
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Discussion

In the present study, the univariate comparison re-
vealed that the clinical and US characteristics of benign
and malignant solid breast nodules were also applicable to
the determination of benign and malignant complex cys-
tic nodules [16]. For example, age, breastfeeding history,
menopausal history, and characteristics, such as nodule
margins, morphology, and BF, are critical features in de-
termining the benignity and malignancy of breast nodules;
Also, these features differ significantly in the benign and
malignant presentation of C-SNs [7]. The difference is that
there are specific signs of C-SNs that cannot be demon-
strated in solid nodules, such as cystic partial transmission
and the regularity of the cystic-solid interface within the
nodule, as these are not clearly described in the BI-RADS
classification [5].

The characteristics of BF distribution in breast nodules
are vital indicators to determine whether the nodules are be-
nign or malignant [17,18], which is consistent with the re-
sults of the current study. Themore abundant the BF and the
denser the color Doppler BF distribution, the more likely
the nodule is malignant [19,20]. Stadlbauer et al. [21] used
magnetic resonance imaging to evaluate hypoxia and neo-
vascularization and found that malignant nodules are sensi-
tive to oxygen supply, such that during lack of blood supply,
there is partial liquefaction and necrosis inside the nodule,
forming an atypical cystic nodule. In the complex cystic
and solid breast lesions, the risk of malignancy is approxi-
mately seven times higher (OR: 7.16; 95% CI: 1.17–43.67;
p = 0.03) in nodules with abundant BF (Adler classifica-
tion: Grade 2–3) than in those without abundant BF (Adler
classification: Grade 0–1).

This study showed that nodules with a badly transmis-
sive cystic component of the cystic-solid breast nodules and
a fine dot floating in the liquid component were about nine
times more likely to be malignant nodules (OR: 9.40; 95%
CI: 1.55, 56.77; p = 0.02) than those with a better trans-
missive liquid component. Abundant BF in malignant C-
SNs of the breast makes them prone to bleeding, leading
to clouding of the cystic component, which is reflected in
the US image as poor transmission. In a previously pub-
lished case report by Ko et al. [22], a case of spontaneous
bleeding from a post-traumatic breast nodule was detected,
which recurred after fluid aspiration and was confirmed to
be recurrent bleeding due to invasive papillary carcinoma.

The size of the cystic nodules in this study was a major
factor that significantly influenced the nature of the nod-
ules, especially the longitudinal diameter of the nodules,
which was a risk factor for malignant nodules. In addi-
tion, a significantly high frequency of malignant nodules
was noted when the longitudinal diameter was >10 mm
(34/54, 63%). This phenomenon could be related to a rapid
growth rate of malignant nodules. The solid part of the C-
SNs grows continually in contradiction to the insufficient

blood and oxygen supply, and the solid part liquefies con-
tinually, followed by bleeding, necrosis, and a gradual in-
crease in the tension and size of the nodules [23,24]. This
finding is consistent with our findings that the larger the
longitudinal diameter, the more likely the nodule is to be
malignant [25].

Furthermore, the US features of malignant cystic-
solid breast nodules were summarized and termed the phe-
nomenon of “flowers in clouds”. The “cloud” refers to
the bad transmission of the cystic component of the nod-
ule, while the “flower” refers to the abundant BF signal in
the solid part of the nodule. This is a specific US sign that
can simplify the process of determining malignant nodules.
This sign reflects the “M value” on the ultrasound image.
The summary is shown in Fig. 5.

Previous studies concluded that age is an independent
risk factor for malignant nodules in the breast [16,26,27].
The results of the present study are consistent with the find-
ing that age is an independent risk factor for malignant nod-
ules. Some studies showed that a history of breastfeeding
reduces the likelihood of breast cancer, which is inconsis-
tent with the results obtained in this study, and the phe-
nomenon could be attributed to the and uneven age distri-
bution of participants [28]. The US features, such as micro-
calcifications, nodule morphology, margins, and other vari-
ables that did not enter the equation, were highly suspected
ofmalignant nodules, whichmight be attributed to phenom-
ena of complex cystic nodules, BF, cystic fluid transmis-
sion, longitudinal diameter, and age.

Finally, based on the above independent risk factors,
a risk prediction model was developed to predict malignant
cystic-solid breast nodules. The prediction models not only
improve the probability of correct prediction by evaluating
thewhole sample and the population but also rapidly predict
the risk of malignant nodules in individual subjects. Such
risk prediction models have shown discriminatory abilities
[29]. In this study, when the M value was >0.14, the prob-
ability of having a malignant nodule was increased. The
risk scoring model is simple and efficient to implement in
clinical studies and can initially assist surgeons in identi-
fying high-risk populations with a relatively objective ap-
proach. Hence, it is advocated that patients with anM value
>0.14 need to be investigated further to rule out the malig-
nant nodes according to the risk score model.

Nevertheless, the current study has some limitations.
First, as a retrospective study, selection bias was mostly un-
avoidable. Second, the age and weight of the participants
in this study were not distributed evenly, which affected the
accuracy of the model to a certain extent. Hence, factors
such as age and weight should be reduced in the follow-up
study.
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Conclusions

In conclusion, the findings suggested that the BF in the
nodule, the translucency of the cystic portion, and the lon-
gitudinal diameter of the nodule are independent risk fac-
tors for malignant nodules. This finding awaits prospective
multicenter studies to elucidate and establish its value for
clinical day to day clinical practice.

Informed Consent

This study is a retrospective study. All the cases col-
lected are the imaging and clinical biochemical data of pa-
tients with cystic and solid nodules of the breast revealed
by previous ultrasound examinations in the ultrasound de-
partment of Zhejiang Provincial People’s Hospital. The rel-
evant data included hide the patient’s name, age and image
number to ensure that the key information of the patient is
not disclosed. The results of this study will not be reported
to the subjects and will not be used for patient management
after being treated as evaluation samples according to the
methods specified in the scheme. Therefore, the subjects
will not have any risk of false negative and false positive.
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