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Abstract

BACKGROUND

Breast non-mass-like lesions (NMLs) account for 9.2% of all breast lesions. The
specificity of the ultrasound diagnosis of NMLs is low, and it cannot be
objectively classified according to the 5* Edition of the Breast Imaging Reporting
and Data System (BI-RADS). Contrast-enhanced ultrasound (CEUS) can help to
differentiate and classify breast lesions but there are few studies on NMLs alone.

AIM

To analyze the features of benign and malignant breast NMLs in grayscale
ultrasonography (US), color Doppler flow imaging (CDFI) and CEUS, and to
explore the efficacy of the combined diagnosis of NMLs and the effect of CEUS
on the BI-RADS classification of NMLs.

METHODS

A total of 51 breast NMLs verified by pathology were analyzed in our hospital
from January 2017 to April 2019. All lesions were examined by US, CDFI and
CEUS, and their features from those examinations were analyzed. With
pathology as the gold standard, binary logic regression was used to analyze the
independent risk factors for malignant breast NMLs, and a regression equation
was established to calculate the efficiency of combined diagnosis. Based on the
regression equation, the combined diagnostic efficiency of US combined with
CEUS (US + CEUS) was determined. The initial BI-RADS-US classification of
NMLs was adjusted according to the independent risk factors identified by
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CEUS, and the diagnostic efficiency of CEUS combined with BI-RADS (CEUS +
BI-RADS) was calculated based on the results. ROC curves were drawn to
compare the diagnostic values of the three methods, including US, US + CEUS,
and CEUS + BI-RADS, for benign and malignant NMLs.

RESULTS

Microcalcification, enhancement time, enhancement intensity, lesion scope, and
peripheral blood vessels were significantly different between benign and
malignant NMLs. Among these features, microcalcification, higher enhancement,
and lesion scope were identified as independent risk factors for malignant breast
NMLs. When US, US + CEUS, and CEUS + BI-RADS were used to identify the
benign and malignant breast NMLs, their sensitivity rates were 82.6%, 91.3%, and
87.0%, respectively; their specificity rates were 71.4%, 89.2%, and 92.9%,
respectively; their positive predictive values were 70.4%, 87.5%, and 90.9%,
respectively; their negative predictive values were 83.3%, 92.6%, and 89.7%,
respectively; their accuracy rates were 76.5%, 90.2%, and 90.2%, respectively; and
their corresponding areas under ROC curves were 0.752, 0.877 and 0.903,
respectively. Z tests showed that the area under the ROC curve of US was
statistically smaller than that of US + CEUS and CEUS + BI-RADS, and there was
no statistical difference between US + CEUS and CEUS + BI-RADS.

CONCLUSION

US combined with CEUS can improve diagnostic efficiency for NMLs. The
adjustment of the BI-RADS classification according to the features of contrast-
enhanced US of NMLs enables the diagnostic results to be simple and intuitive,
facilitates the management of NMLs, and effectively reduces the incidence of
unnecessary biopsy.

Key words: Breast tumor; Ultrasonography; Contrast agents; Feature exploration;
Diagnosis; Non-mass-like lesions

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Conventional ultrasound diagnosis of non-mass-like lesions in the breast has
low specificity, and non-mass-like lesions cannot be classified according to the fifth
edition of Breast Imaging Reporting and Data System published by the American
College of Radiology. This study aimed to improve the diagnostic efficacy by contrast-
enhanced ultrasound and conventional ultrasound, and to explore the effect of contrast-
enhanced ultrasound on the classification of non-mass-like lesions in the Breast Imaging
Reporting and Data System.

Citation: Xu P, Yang M, Liu Y, Li YP, Zhang H, Shao GR. Breast non-mass-like lesions on
contrast-enhanced ultrasonography: Feature analysis, breast image reporting and data system
classification assessment. World J Clin Cases 2020; 8(4): 700-712

URL: https://www.wjgnet.com/2307-8960/full/v8/i4/700.htm
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INTRODUCTION

Breast non-mass-like lesions (NMLs)!! refer to lesions that do not have clear
boundaries on ultrasonography (US), and that do not have spatial mass effects in two
or more different scanning directions, accounting for 9.2% of all breast lesions!”. The
specificity of the ultrasound diagnosis of NMLs is low"l, NMLs cannot be objectively
classified according to the fifth edition of the Breast Imaging Reporting and Data
System (BI-RADS) standard issued by the American College of Radiology (ACR).
Contrast-enhanced ultrasound (CEUS) can indicate the distribution and
morphological information of the blood vessels in these lesions, but there are few
studies on the CEUS features of NMLs, and the effect of the CEUS features of NMLs
on BI-RADS classification is still unclear. Therefore, this study aims to: (1) Explore the
features of US, color Doppler flow imaging (CDFI) and CEUS of NMLs; (2) Explore
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the efficacy of the combined diagnosis by US and CEUS; and (3) Investigate the effect
of CEUS features on the initial BI-RADS classification of NMLs, and the effect of the
combined application of CEUS and the BI-RADS classification system on the
diagnosis and clinical strategy of NMLs by including CEUS in the BI-RADS
classification system.

MATERIALS AND METHODS

Patients

A retrospective study was performed on 51 patients (all of whom were women and
29-years-old to 64-years-old, with an average age of 45.35 + 10.42 years) with breast
NMLs who underwent breast CEUS from January 2017 to April 2019. The maximum
diameter of the masses was 0.8-3.5 cm, the masses were palpable in 15 cases, and 12
cases had the symptom of nipple discharge. The pathological results of all focuses
were obtained by puncture or surgery.

Inclusion criteria were US features meeting the criteria for NMLs. Exclusion criteria
were biopsy or surgery performed in the lesion area, pathology not available, or
CEUS results being incomplete. This study was approved by the Ethics Committee of
our hospital. All subjects were informed of the purpose and risks of the examination,
and signed informed consent was obtained prior to undergoing CEUS and
ultrasound-guided breast biopsy.

Ultrasonic examination method

US, CDFI, and CEUS were performed for each lesion. All examinations were
performed by three sonographers with more than 10 years of experience in breast US.
US, CDFI and CEUS were performed with a GE LOGIQ E9 equipped with 15 L (US
examination) and 9 L (CEUS examination) linear transducers. The contrast agent used
was SonoVue (Bracco Imaging B.V., Geneva, Switzerland), and the consumption was
4.8 mL for each lesion.

Analysis of US

Analysis of conventional US: Location, maximum diameter, echo pattern,
architectural distortion, ductal changes, microcalcifications (strong echo < 2 mm in
diameter!™), posterior features, and the tumefaction in axillary lymph nodes were
observed and recorded. All lesions were initially classified according to the BI-RADS-
US classification of breast NMLs published by Ko et al"l: Type I for ductal NML
pattern (Ib with calcification, Ia without); type II for non-ductal NML pattern (IIb with
calcification, Ila without); type IIl NMLs with architectural distortion; and type IV
NMLs with posterior acoustic shadowing. Type Ila was correlated with BI-RADS
categories 4a; types Ia, III and IV were correlated with 4b; and types Ib and IIb were
correlated with 4c. The cutoff points of the benign and malignant groups were 4a and
4b. Type 4a was benign; types 4b and 4c were malignant. Biopsy is recommended for
4a and above.

Analysis of CDFI: Referring to Adler’s grade, grades 0-1 were determined to reflect
scarce blood supply, and grades II- IIT were determined to reflect an abundant blood

supply.

Analysis of CEUS: Enhancement time (earlier, synchronous, later), enhancement
intensity (hypo-, iso- or hyper-enhanced), enhancement mode (homogeneous or
heterogeneous), enhancement direction (centripetal, centrifugal or diffuse), lesion
scope (expansion, without expansion), peripheral blood vessels: Radial perfusion or
penetration perfusion (with or without), and regression time (earlier, later,
synchronous) were recorded. The enhancement time, regression time and
enhancement degree of focus were all based on the surrounding normal breast tissues.

Pathological grouping

Pathology was divided into two groups, namely group A (benign lesion group) and
group B (malignant lesion group). Group A was divided into group A2 (precancerous
lesion group) and group Al (another benign lesion group). Precancerous lesions
include sclerosing adenosis, atypical ductal or lobular hyperplasia, ductal epithelial
florid hyperplasia (high ductal epithelial hyperplasia)l®}, and epithelial columnar cell
lesions!’.

Statistical analysis
All data were entered into the database in Excel, and statistical analysis was
performed with SPSS 21.0 statistical software. The experimental data were all
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enumeration data expressed by frequency or percentage, and the chi-square test was
used to analyze the differences in the features of US, CDFI and CEUS in the benign
and malignant groups. Binary logistic regression was used to determine the
independent risk factors for malignant NMLs. With independent risk factors as
independent variables, and pathological results as dependent variables, a logistic
regression equation was built to calculate diagnostic efficiency. Based on the
regression equation, the combined diagnostic efficiency of US + CEUS was obtained.
The initial BI-RADS classification for NMLs was adjusted according to independent
risk factors from CEUS to obtain the CEUS + BI-RADS diagnostic efficacy. Finally,
ROC curves were drawn to compare the sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), accuracy and area under the curve of
the three methods. P < 0.05 suggested that the difference is statistically significant.

RESULTS

Of the 51 cases included in this study, 28 focuses (54.90%) were benign, of which 3
(5.89%) were combined with precancerous lesions; additionally, 23 focuses (45.10%)
were malignant. The pathology of the lesions is shown in Table 1.

Clinical information and ultrasound imaging between benign and malignant NMLs
Comparisons of clinical information and US, CDFI and CEUS imaging between
benign and malignant NMLs are shown in Tables 2 and 3.

The Table shows no significant difference in age and clinical symptoms in the two
groups; that is, these factors have no effect on pathology.

In the US features of NMLs, microcalcifications were different between benign and
malignant NMLs (P = 0.001), indicating that microcalcifications were associated with
malignant NMLs.

Regarding CEUS features, enhancement time (P = 0.006), enhancement intensity (P
= 0.002), lesion scope (P = 0.000), and peripheral blood vessels (P = 0.046) were
different between benign and malignant NMLs. Earlier enhancement, higher
enhancement, range expansion, and lesions of peripheral blood vessels in contrast-
enhanced US suggested malignant lesions.

Independent risk factors and logistic regression formula
Binary logistic regression analysis was used to identify the independent risk factors
for malignant NMLs. The selected risk factors included microcalcifications,
enhancement time, enhancement intensity, lesion scope, and peripheral blood vessels.
Binary logistic regression analysis was conducted for all of these factors, and
microcalcifications (P = 0.035), higher enhancement (P = 0.041), and lesion scope (P =
0.008) were identified as independent risk factors. The regression equation is as
follows:

Logit (P) = -27.266 + (4.008 x combined microcalcification) + (5.386 x peripheral
blood vessels) + (4.885 x higher enhancement)

The area under the ROC curve obtained by this equation was 0.907. When the cut-
off value was 0.5, the sensitivity was 95.7% and the specificity was 85.7%.

Combined diagnosis based on the regression equation

Among the three risk factors (microcalcifications, higher enhancement, and lesion
scope), lesions with no or only one risk factor were defined as possibly benign, and
lesions with two or three risk factors were defined as potentially malignant. The
sensitivity, specificity, PPV, NPV and accuracy of the diagnosis by this method were
87.0%, 92.9%, 90.9%, 89.7% and 90.2%, respectively.

Adjustment of the initial BI-RADS classification of 51 NMLs according to CEUS

features

The independent risk factors identified by CEUS for malignant NMLs were higher
enhancement and lesion scope. The adjustment method is shown in Table 4.
According to the number of contrast-enhanced US features that were independent
risk factors for NMLs, the classifications included decreased (Figure 1), remained
unchanged (Figure 2) or increased (Figure 3).

The BI-RADS classifications for 51 cases of NMLs before and after adjustment are
shown in Table 5.

As shown in Table 5, after adjustment, classification of the 51 cases changed,
showing a decrease in the number of type 4 cases (4a decreased by 12 cases, 4b
decreased by 4 cases, and 4c decreased by 5 cases) and an increase in the number of
type 3 and type 5 cases (type 2 increased by 12 cases and type 5 increased by 9 cases).
After adjusting the classification of NMLs according to the independent risk factors
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Table 1 Pathology of 51 non-mass-like lesions

Pathology Numbers
A1l group 25
Adenosis 17
Intraductal papilloma 5
Plasma cell mastitis 2
Vascular smooth muscle hamartoma 1
A2 group 3
Sclerosing adenosis 1
Epithelial columnar cell lesion 1
Atypical ductal or lobular hyperplasia 1
B group 23
Intraductal carcinoma in situ 14
Invasive ductal carcinoma 7
Invasive lobular carcinoma 1
Mucous carcinoma 1

identified by contrast-enhanced US, the sensitivity, specificity, PPV, NPV and
accuracy of NML diagnosis were 91.3%, 89.2%, 87.5%, 92.6% and 90.2%, respectively.

ROC curves

The ROC curves of the US, US + CEUS, and CEUS + BI-RADS methods are shown in
Figure 4, and their diagnostic efficiency is shown in Table 6. Areas under the curves
for the US, US + CEUS, CEUS + BI-RADS were 0.752, 0.877, and 0.903, respectively.
The Table shows that the diagnostic sensitivity and specificity of US + CEUS and
CEUS + BI-RADS methods were significantly improved compared with that of US,
and the area under the curve between US and US + CEUS (Z = 2.050, P = 0.040) and
between US and CEUS + BI-RADS (Z = 3.280, P = 0.001) were significantly different.
There was no significant difference in the areas under the curves between US + CEUS
and CEUS + BI-RADS (Z = 0.545, P = 0.586).

DISCUSSION

Breast NMLs are very common in the clinic, accounting for 9.2% of all breast lesions!l.
The pathology of benign NMLs is mostly adenosis, and malignant NMLs are mostly
intraductal carcinomas and invasive ductal carcinomas. ACR BI-RADS-US cannot
classify breast NMLs, and has low diagnostic specificity! . Contrast-enhanced US can
provide information on the blood supply of the lesions, but there are few studies on
the contrast-enhanced US features of NMLs. Our study aimed to investigate the
features of US, CDFI and CEUS in benign and malignant NMLs, and to explore the
efficacy of a combined diagnosis. Additionally, the initial BI-RADS classification and
CEUS were combined to facilitate the management of NMLs and clinical
communication, providing a basis for clinical treatment.

Compared with breast mass-like lesions, the grayscale US of NMLs is usually
hypoechoic without clear boundaries, and the pattern is usually irregular and mainly
characterized by a striped or flaky hypoecho (27/51, 52.94%), duct ectasia (22/51,
43.14%), microcalcification (17/51, 33.33%), structural distortion (27/51, 19.61%), rear
echo attenuation (7/51, 13.73%), etc. Of the above US features, only microcalcifications
were different in benign and malignant NMLs, and microcalcifications were identified
as an independent risk factor for malignant NMLs, suggesting that microcalcification
was associated with malignant NMLs. This finding is consistent with previous
studies?l. The PPV of combined microcalcification in the hypoecho zone can reach
78.26%"1. For this reason, when Ko et al''! conducted BI-RADS-US classification for
NMLs, they viewed microcalcification as an important risk sign.

CEUS can objectively and noninvasively evaluate the blood supply of NMLs, thus
helping identify benign and malignant NMLs!"'"l. Many studies have reported the
contrast-enhanced US features of breast cancer!'"’l. In a study by Wang et al'"”, the
independent risk factors for breast cancer were enhancement intensity, enhancement
sequence, enhancement boundary, peripheral blood vessels and increased diameter.
Xiao et al'™! viewed lesion scope, boundary and shape as independent risk factors for

Beishidongs WJCC | https://www.wjgnet.com 704 February 26,2020 | Volume8 | Issue4 |



Xu P et al. Breast NMLs on contrast-enhanced US

Table 2 Clinical information and ultrasonography, and color Doppler flow imaging between

benign and malignant non-mass-like lesions

Pathology, n (%)
Parameter Total X P value
Benign Malignant

Age in yr 45 18 (64.29) 9 (39.13) 27 (52.94)  3.207 0.073
245 10 (35.71) 14 (60.87) 24 (47.06)

Palpability No 19 (67.86) 12 (52.17) 31(60.78)  1.303 0.254
Yes 9 (32.14) 11 (47.83) 20 (39.22)

Nipple discharge No 20 (71.43)  18(78.26) 38 (74.51)  0.31 0.577
Yes 8 (28.57) 5(21.74) 13 (25.49)

Echogenicity Hypo-echoic 14 (50.00) 13 (56.52) 27 (52.94)  0.216 0.642
Mixed-echoic 14 (50.00) 10 (43.48) 24 (47.06)

Ductal changes No 17 (60.71) 12 (52.17) 29 (56.86)  0.375 0.54
Yes 11(39.29) 11 (47.83) 22 (43.14)

Rear echo attenuation No 25(89.29) 16 (69.57) 41(80.39)  1.99 0.158
Yes 3 (10.71) 7 (30.43) 10 (19.61)

Architectural distortion ~ No 27 (96.43) 17 (73.91) 44 (86.27)  1.043 0.307
Yes 1(3.57) 6 (26.09) 7 (13.73)

Microcalcifications No 24 (85.71) 10 (43.48) 34 (66.67) 10137  0.001°
Yes 4 (14.29) 13 (56.52) 17 (33.33)

Axillary lymph node Normal 26 (92.86) 17 (73.91) 43 (84.31) 1.274 0.237
Abnormal 2(7.14) 6 (26.09) 8 (15.69)

CDFI Scarce 19 (67.86) 14 (60.87) 33 (64.71)  0.27 0.603
Abundant 9(32.14) 9 (39.13) 18 (35.29)

P < 0.01. CDFI: Color Doppler flow imaging.

breast cancer. Since the number of breast NMLs is lower in breast lesions, previous
studies!'>"” tended to explore the features, boundaries and forms of mass-like lesions,
which had important diagnostic significance.

Our study found that higher enhancement and lesion scope were independent risk
factors for malignant NMLs. The finding of higher enhancement as an independent
risk factor for malignant NMLs is consistent with the studies of Zhang et all"land
Wang et all'. Previous studies!" have shown that breast focuses were associated with
increased expression of vascular endothelial growth factor and increased tumor
microvessel density in the development of atypical hyperplasia, carcinoma in situ, and
invasive carcinoma. Microvessel density is considered to be an independent
prognostic factor for breast cancer, and is associated with histological grade and
proliferative activity to some extent!""'*l. The enhancement intensity reflects the
abundance of the blood supply of the focus, and has a good correlation with the
microvessel density of the focus!'”), suggesting that enhancement intensity can reflect
the proliferative activity of the focus and may be related to the prognosis of NMLs. In
this study, 16 cases (16/23, 69.57%) in the malignant group and only 6 cases (6/28,
21.43%) in the benign group showed higher enhancement, of which 2 cases had
precancerous lesions, suggesting that the higher enhancement in NMLs suggests the
active proliferation of the focus, and that microvascular changes may precede
pathological changes during the progression from benign lesions to malignant lesions.

In addition to enhancement intensity, lesion range was also identified as an
independent risk factor for malignant NMLs, similar to the findings of previous
studies!*"\. van Esser ef all'*l found that grayscale US often underestimated the size of
breast cancer foci, especially those of intraductal carcinoma!”, while the maximum
value measured by contrast-enhanced US was closer to the measured value of surgical
specimen pathology. This suggested that the size and shape of the lesion identified by
contrast-enhanced US were closer to the true state of the lesion. Since most NMLs are
mixed with normal glands, only lesions with low echo on grayscale US are identified.
In the contrast-enhanced state, the baseline echo of the gland is masked, only the
blood supply information is displayed, and the overall shape of the malignant NMLs
is shown, showing a wide range after contrast-enhanced US (15/23, 65.23%). Some
studies have shown that there were more neoplastic microvessels around the
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Table 3 Contrast-enhanced ultrasound imaging between benign and malignant non-mass-like lesions

Pathology, n (%)

Parameter Total X2 P value
Benign Malignant

Later 5 (17.86) 0 (0.00) 5 (9.80)

Enhancement time Synchronous 17 (60.71) 9 (39.13) 26 (51.98) 10.270 0.006"
Earlier 6 (21.43) 14 (60.87) 20 (39.22)
Hypo-enhanced 7 (25.00) 3 (13.04) 10 (19.61)

Enhanced intensity Iso-enhanced 15 (53.57) 4 (17.39) 19 (37.25) 12.140 0.002"
Hyper-enhanced 6 (21.43) 16 (69.57) 22 (43.14)
Diffuse enhancement 20 (71.43) 18 (78.26) 38 (74.51)

Enhancement direction Centripetal 4 (14.29) 2 (8.70) 6 (11.76) 0.429 0.807
Centrifugal 4 (14.29) 3 (13.04) 7 (13.73)

Enhancement mode Homogeneous 22 (78.57) 15 (65.22) 37 (72.55) 1.131 0.288
Heterogeneous 6 (21.43) 8 (34.78) 14 (27.45)

Lesion range Without increase 26 (92.86) 8 (34.8) 34 (66.67) 22.288 0.000"
Increase 2(7.14) 15 (65.2) 17 (33.33)

Regression time Later 8 (28.57) 11 (47.83) 19 (37.25) 2.921 0.232
Synchronous 15 (53.57) 7 (30.43) 22 (43.14)
Earlier 5 (17.86) 5(21.74) 10 (19.61)

Peripheral blood vessels No 21 (75) 11 (47.83) 32 (62.75) 3.989 0.046"
Yes 7 (25) 12 (52.17) 19 (37.25)

P < 0.05;
bP < 0.01.

malignant breast lesions than in the center™, and contrast-enhanced US showed
higher peripheral enhancement intensity!. This study did not observe this finding,
which may be due to the small number of cases in our study, the large proportion of
intraductal cancers in the malignant cases, and their weak invasiveness.

In addition to higher enhancement and lesion range, peripheral blood vessels and
enhancement time were significantly different between benign and malignant NMLs.
The lesions with earlier enhancement (20/51, 39.23%) and peripheral lesions around
the lesion (19/51, 37.25%) tended to be malignant. Earlier enhancement and the
appearance of peripheral blood vessels reflected the formation of abnormal blood
vessels. Although these factors were not identified as independent risk factors, they
provided some help for diagnosis.

In our study, there were several indicators that differed from previous studies: Age,
accessibility of the mass, and lesion blood supply identified by color Doppler US*..
These differences may be related to several factors, such as fewer enrolled cases,
differences among operators, and instrument performance and settings. Nonetheless,
these three indicators can also provide a reference for diagnosis.

Considering the microcalcification and blood supply information of NMLs,
combining the risk factors identified by grayscale US and contrast-enhanced US,
lesions with one risk factor were classified as “possibly benign”, and lesions with two
or three risk factors were classified as “possibly malignant”. The diagnostic efficiency
of this method improved compared with that of grayscale US, in which the sensitivity,
specificity, PPV, NPV and accuracy were 87.0%, 92.9%, 90.9%, 89.7% and 90.2%,
respectively. The method is simple and easy, but its result cannot grade the risks of
breast NMLs, which is not conducive to the management of NMLs.

In clinical work, the BI-RADS-US classification issued by ACR is very effective in
the diagnosis and management of breast nodules. Unfortunately, the fifth edition of
the ACR BI-RADS-US standard does not objectively classify NMLs. There is no
unified method for the classification of NMLs. Different scholars have also explained
it differently, but their diagnostic performance was similar!*>*. A study showed
that™! the malignancy rate of NMLs may be greater than 2%, so NMLs should at least
be classified as type 4a lesions. Therefore, the initial classification of NMLs in this
study used the classification method of BI-RADS-US for NMLs developed by Ko et
all, and the lesions were classified into types 4a, 4b, and 4c according to grayscale US
features. Contrast-enhanced US provides blood supply information for breast lesions,
so the diagnostic efficiency can be effectively improved if its results are included in
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Figure 1 Fifty-three-year-old woman with a non-mass lesion in her left breast. A: Grayscale ultrasound image revealing a non-ductal non-mass-like lesion
pattern without microcalcification. The original Breast Imaging Reporting and Data System (BI-RADS) category is 4a; B: On contrast-enhanced ultrasonography, the
lesion exhibited synchronous enhancement without scope expansion. According to our readjusted BI-RADS method, the BI-RADS category of this lesion was reduced
to three categories. The final pathology was adenosis.

the BI-RADS-US classification system!"'-’l. Different studies have used different
methods, which can be divided into counting methods!"!l, integral methods!"*! and
pattern methods!?l. Since the BI-RADS-US classification predicts the malignant
probability of NMLs based on the number of two-dimensional ultrasound risk signs,
this study used the counting method, that is, the method in which the initial
classification is adjusted according to the number of independent risk factors
identified by contrast-enhanced US features. The adjustment method is shown in
Table 4. After adjusting the classification, the diagnostic efficiency was significantly
higher than that of US (P = 0.001), which was similar to the diagnostic efficiency of US
+ CEUS (P = 0.586). However, the adjustment of BI-RADS classification was more
convenient to combine with the grayscale US results, and facilitated the management
of NML lesions and clinician communication.

In this study, before and after the classification adjustment of 51 cases of NMLs, the
distribution of cases changed. Before adjusting the classification, all NMLs were type
4. After adjusting the classification, the numbers of type 3 and 5 lesions increased
(type 3 increased by 19, type 5 by 12), and only 20 cases were type 4 focuses.
According to the recommendation of BI-RADS-US classification, type 3 lesions can be
subject to follow-up observation. After adjusting the classification, 19 patients could
be converted from the recommended biopsy to follow-up observation, which
effectively reduced unnecessary biopsy. The decrease in type 4 lesions and the
increase in type 3 and 5 lesions enable clinicians to have a more objective
understanding of the risk classification of focuses, and can more effectively guide
clinical decision-making.

It is worth noting that of the three benign NMLs misdiagnosed by the adjusted BI-
RADS classification, the lesion pathology of two cases showed precancerous lesions,
namely sclerosing adenosis and atypical ductal epithelial dysplasia. Some of the
precancerous lesions of the breast can develop into cancer; the highest cancer rate in
25 years was 46.0%”, and its imaging diagnosis revealed certain difficulties®.
Contrast-enhanced US can detect neovascularization of the lesion early, suggesting
the potential diagnostic value for precancerous lesions. Another misdiagnosed case
was plasma cell mastitis. Inflammatory lesions are rich in blood supply, and easily
spread to surrounding perilobular and interlobular tissues”l. It is difficult to identify
malignant breast lesions using contrast-enhanced US. However, inflammatory lesions
have clinical symptoms, and should be comprehensively diagnosed.

In this study, two cases of breast cancer were missed, and one case was mucinous
carcinoma. Mucinous carcinoma forms a mucus lake due to abundant mucin, which is
characterized by heterogeneity of enhancement or peripheral enhancement only™!.
Moreover, because it was invasive carcinoma, there were no obvious changes in the
enhanced range, and peripheral blood vessels were lacking, leading to a missed
diagnosis of the lesions. Another case was intraductal carcinoma with a maximum
diameter of approximately 1 cm. The focus was small, and the body’s immune
mechanism formed an immune response zone around the focus, inhibiting the
formation of peripheral microvessels. The lack of deformed blood vessels led to
misdiagnosis.

The limitations of this study were that the sample size was small, and the sample
size of precancerous lesions was only 3 cases, so large samples from multiple centers
should be studied in the future.
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Figure 2 Forty-five-year-old woman with a non-mass lesion in her right breast. A: Grayscale ultrasound image revealing a non-ductal non-mass-like lesion
pattern without microcalcification. The original Breast Imaging Reporting and Data System (BI-RADS) category is 4a; B: On contrast-enhanced ultrasonography, the
lesion exhibited hyper-enhancement without scope expansion. According to our readjusted BI-RADS method, the BI-RADS category of this lesion remained BI-RADS
4a. The final pathology was sclerosing adenosis.

In conclusion, compared with mass-like breast lesions, NMLs have unique contrast-
enhanced features. Malignant NMLs usually show earlier enhancement, higher
enhancement, increased range, and the appearance of peripheral blood vessels.
Among NMLs, higher enhancement and lesion range are independent risk factors for
malignant NMLs. Grayscale US combined with contrast-enhanced US can improve
diagnostic efficiency. Adjustment of the initial BI-RADS classification according to
independent risk factors identified by contrast-enhanced US significantly improved
the diagnostic efficiency compared with that of type B US. The diagnostic results of
this method are objective and direct. This method is convenient for the management
of NMLs and clinician communication, effectively reduces unnecessary biopsy, and
provides the basis for providing patients with more personalized clinical strategies.
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Table 4 Protocol for readjusting the Breast Imaging Reporting and Data System category with contrast-enhanced ultrasound

Initial category Number of independent risk factors Modified BI-RADS category

BI-RADS 4a 0 Reduce to 3 category
1 Remains unchanged
2 Increase one category

BI-RADS 4b 0 Reduce to 3 category
1 Remains unchanged
2 Increase one category

BI-RADS 4c 0 Reduce to 4a category
1

or2 Increase to 5 category

BI-RADS: Breast Imaging Reporting and Data System.

Table 5 Comparison of initial Breast Imaging Reporting and Data System category, and readjusted Breast Imaging Reporting and Data

System category with pathology results

Pathology, n (%)

Methods BI-RADS category Total, n (%)
Benign Malignant

us 4a 24 (47.06) 20 (71.43) 4 (19.61)

4b 10 (19.61) 4 (14.29) 6 (19.61)

4c 17 (33.33) 4 (14.29) 13 (19.61)
CEUS + BI-RADS 3 19 (37.25) 18 (78.26) 1 (4.35)

4a 8 (15.691) 7 (25.00) 1 (4.35)

4b 7 (13.73) 1(3.57) 5 (21.74)

4c 5 (9.80) 1(3.57) 5 (21.74)

5 12 (23.53) 1(3.57) 11 (47.83)

US: Ultrasonography; BI-RADS: Breast Imaging Reporting and Data System; CEUS: Contrast-enhanced ultrasound.

Table 6 Diagnostic performance of ultrasonography, ultrasonography + contrast-enhanced ultrasound and contrast-enhanced

ultrasound + Breast Imaging Reporting and Data System

Methods AUC Sensitivity Specificity PPV NPV Accuracy Youden’s index
us 0.752 0.826 0.741 0.704 0.833 0.765 0.536
US + CEUS 0.877 0.870 0.929 0.909 0.879 0.902 0.797
CEUS + BI-RADS 0.903 0.913 0.892 0.875 0.926 0.902 0.800

US: Ultrasonography; CEUS: Contrast-enhanced ultrasound; BI-RADS: Breast Imaging Reporting and Data System; AUC: Area under the curve; NPV:
Negative predictive value; PPV: Positive predictive value.
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Figure 3 Fifty-two-year-old woman with a non-mass lesion in her right breast. A: Grayscale ultrasound image revealing a ductal non-mass-like lesion pattern

without microcalcification. The original Breast Imaging Reporting and Data System (BI-RADS) category is 4b; B: On contrast-enhanced ultrasonography, the lesion

exhibited hyper-enhancement and scope expansion. According to our readjusted BI-RADS method, the BI-RADS category of this lesion remained BI-RADS 4c. The
final pathology was intraductal carcinoma in situ.
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Figure 4 Receiver-operating characteristic curves for ultrasonography, ultrasonography + contrast-enhanced ultrasound, and contrast-enhanced
ultrasound + Breast Imaging Reporting and Data System. The area under the curve was 0.752 for ultrasonography, 0.877 for ultrasonography + contrast-
enhanced ultrasound, and 0.903 for contrast-enhanced ultrasound + Breast Imaging Reporting and Data System. US: Ultrasonography; CEUS: Contrast-enhanced
ultrasound; BI-RADS: Breast Imaging Reporting and Data System.

ARTICLE HIGHLIGHTS

Research background

The diagnosis of breast non-mass-like lesions (NMLs) by ultrasonography (US) is not
satisfactory. Contrast-enhanced ultrasound (CEUS) can provide additional information for the
differentiation of breast lesions. However, there are few studies about the characteristics and
application of CEUS in breast NMLs.

Research motivation
Improve the diagnostic efficiency of breast NMLs by combining conventional ultrasound with
CEUS.

Research objectives
To explore the CEUS features of breast NMLs, and to improve the diagnostic efficiency
combined with the Breast Imaging Reporting and Data System (BI-RADS).

Research methods

A retrospective study was carried out in 51 breast NMLs. The independent risk factors of
malignant NMLs were identified by binary logistics regression, with pathology as the gold
standard, and the independent risk factors of CEUS were used to modify the initial BI-RADS
classification of NMLs.
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Research results
Malignant breast NMLs show high enhancement and enlarged range on CEUS. The diagnostic
efficiency can be improved by conventional ultrasound combined with CEUS.

Research conclusions

US combined with CEUS can improve diagnostic efficiency for NMLs. CEUS combined with the
BI-RADS system enables the diagnostic results to be simple and intuitive, and effectively reduces
the incidence of unnecessary biopsy.

Research perspectives
Combined diagnosis of breast NMLs, and fusion with the existing BI-RADS classification system.
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