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Abstract

BACKGROUND

The diagnostic specificity of conventional ultrasound for breast non-mass lesions
(NMLs) is low at approximately 21%-43%. Shear wave elastography (SWE) can
distinguish benign from malignant lesions by evaluating the internal and
peripheral stiffness. SWE has good reproducibility and high diagnostic efficacy.
However, there are very few independent studies on the diagnostic value of SWE
in breast NMLs.

AIM
To determine the value of SWE in the differential diagnosis of breast NMLs.

METHODS

This study enrolled a total of 118 patients with breast NMLs who underwent
SWE examinations in the Beijing Shijitan Hospital Affiliated to Capital Medical
University and The Second Hospital of Shandong University from January 2019
to January 2020. The internal elastic parameters of the lesions were recorded,
including maximum (Emax), mean (Emean) and minimum elastic values and the
standard deviation. The following peripheral parameters were noted: Presence of
a “stiff rim” sign; Emax, and Emean elasticity values within 1 mm, 1.5 mm, 2 mm,
2.5 mm and 3 mm from the edge of NMLs. The receiver operating characteristic
curve of each parameter was drawn, and the areas under the curve were
calculated.

RESULTS

Emax, Emean and elastic values, and the standard deviation of the internal elastic
values in malignant NMLs were significantly higher than those in benign NMLs
(P <0.05). The percentage with the “stiff rim” sign in malignant NMLs was
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significantly higher than that in the benign group (P < 0.05), and Emax and
Emean at the shell of 1 mm, 1.5 mm, 2 mm, 2.5 mm and 3 mm in the malignant
group were all higher than those in the benign group (P < 0.05). Of the
surrounding elasticity values, Emax of the shell at 2.5 mm in malignant NMLs
had maximum areas under the curve of 0.900, and the corresponding sensitivity
and specificity were 94.57% and 85.86%, respectively.

CONCLUSION

The “stiff rim” sign and multiple quantitative elastic values within and around
the lesion had good diagnostic performance in the differential diagnosis of breast
NMLs. Emax in peripheral tissue had better diagnostic efficiency than other
parameters.

Key words: Breast tumor; Shear wave elastography; Non-mass lesions; Stiff rim sign;
Ultrasound; Diagnosis

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

Core tip: This study is the first to qualitatively and quantitatively analyze the stiffness in
and around breast non-mass lesions. We found that the evaluation of stiffness around the
breast non-mass lesions had a better differential diagnostic reference value.
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INTRODUCTION

Breast cancer is the most common malignant tumor in women and one of the most
common causes of death!'. Timely and accurate diagnosis is crucial for treatment and
prognosist’l. Breast lesions can be classified as mass lesions and non-mass lesions
(NMLs)Pl. NMLs are characterized by no clear boundary and no space occupying
effect in two or more different scanning sections on gray-scale ultrasonography. The
diagnostic specificity of conventional ultrasound is low at approximately 21 %-43 %1,
Shear wave elastography (SWE) can distinguish benign lesions from malignant
lesions by evaluating the stiffness of breast masses, SWE has good reproducibility!”!
and high diagnostic efficacy®™'"l. However, there are very few independent studies on
the diagnostic value of SWE in breast NMLsl''l. Studies have shown that the hardest
areas of malignant lesions were located in the periphery rather than the interior of
breast lesions, which means that elasticity analysis of the periphery may have good
diagnostic valuel’’l. Qualitative and quantitative analysis of elasticity in the
surrounding tissues of NMLs was performed in our study innovatively!"l. In the
present study, 118 patients with NMLs underwent SWE examination to analyze the
elasticity characteristics and their clinical diagnostic values.

MATERIALS AND METHODS

Patients

From January 2019 to January 2020, 118 patients with breast NMLs were enrolled in
this study in Beijing Shijitan Hospital and The Second Hospital of Shandong
University. All patients were female, aged 24 to 68 years. All patients who underwent
breast NMLs biopsy or surgery signed an informed consent.

Inclusion criteria: (1) Conventional ultrasonography shows the characteristics of
NMLs; (2) Diagnosis was confirmed by pathological results; and (3) Conventional
ultrasonography and SWE examination were performed before surgery.

Exclusion criteria: (1) Having accepted radiotherapy or endocrine therapy before
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examination; (2) Surgical scar within the lesion area; (3) Cystic or cystic-solid mixed
mass!'“); (4) Lesion maximum diameter > 4.0 cm; and (5) Massive calcification within
the lesion area.

Conventional ultrasound and SWE examination

Conventional ultrasound and SWE examination were performed using Ultrasonic
System Resona 7 (Mindray, Shenzhen, China), with a line array transducer (L14-5W),
frequency 4.0-14.0 MHz. Examination method: Conventional ultrasound examination
of the breast was performed first, and then switched to SWE mode. The section with
the largest lesion was selected, and the lesion was placed in the center of the sampling
box. SWE mass-velocity dual dynamic pattern was used to perform the examination.
Patients were asked to hold their breath. A good quality “stiff rim” sign was
observed, which showed that the mass diagram on the left of the screen had a
homogeneous green background without an obvious pseudo-image in purplel*
(Figure 1). In the right image on the screen, red indicated “hard tissue” and blue
indicated “soft tissue”. The lesion with a red or orange ring was seen as the “stiff rim”
sign, indicating that the lesion was malignant. The lesion without a “stiff rim” sign
was thought to be benign. Tracing the outer edge of the lesion on gray-scale image,
the internal elastic parameters, including maximum (Emax), mean (Emean), minimum
and standard deviation (Esd) of NMLs were calculated automatically in gray-scale-
velocity dual pattern. Then, Emax and Emean elasticity values at shells of 1 mm, 1.5
mm, 2 mm, 2.5 mm and 3 mm from the edge of NMLs were measured, respectively
(Figure 2 and 3). All images and data were recorded on the internal hard disk of the
ultrasonic system. All examinations were performed by two radiologists both with
more than 10 years of experience on breast diagnoses. They analyzed the
ultrasonography independently. If their opinions differed, an agreement was reached
by discussion.

Statistical analysis

Pathological results were the gold standard. SPSS22.0 software was used for statistical
analysis. Quantitative parameters of SWE are shown as mean # standard deviation
and comparisons between groups were evaluated using the ¢ test. Qualitative
parameters are shown as frequency or percentage and comparisons between groups
were evaluated using the ¥? test. A receiver operating characteristic (ROC) curve was
plotted and then the areas under the curve, Youden indices (sensitivity + specificity -
1), cutoff values and the corresponding sensitivity, specificity and accuracy of each
parameter were calculated. P < 0.05 was considered statistically significant.

RESULTS

General information
There were no significant differences in age, maximum diameter, location,
amenorrhea and history of lactation between the two groups (Table 1).

Pathological results

Of the 118 patients, 66 were diagnosed with benign lesions and 52 with malignant
lesions. There were 30 cases of intraductal carcinoma in situ, 19 cases of invasive
ductal carcinoma, 2 cases of invasive lobular carcinoma and 1 case of lymphoma in
the malignant group. There were 32 cases of adenosis, 9 cases of intraductal
papilloma, 8 cases of breast inflammation, 7 cases of atypical ductal hyperplasia, 6
cases of fibroadenoma and 4 cases of sclerosing adenosis in the benign group.

Comparison of elasticity parameters in benign and malignant NMLs

Comparison of internal elasticity parameters in benign and malignant NMLs:
Emax, Emean and Esd in malignant NMLs were significantly higher than those in
benign lesions (P < 0.05), and there was no significant difference in minimum value
between the two groups (Table 2).

Comparison of elasticity parameters around NMLs: The percentage of “stiff rim”
signs in malignant NMLs was significantly higher than that in benign lesions (P <
0.05). Emax and Emean of the shell at 1 mm, 1.5 mm, 2 mm, 2.5 mm and 3 mm in the
malignant group were also higher than those in the benign group (P < 0.05) (Table 3).

ROC curves of each parameter and corresponding sensitivity, specificity, accuracy,
cutoff value and the area under the curve of each parameter: The ROC curve of each
parameter are shown in Figure 4. The sensitivity, specificity, accuracy, cutoff value
and the areas under the curve (AUC) are presented in Table 4. Emax at the shell of 2.5
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Figure 1 Mass-velocity dynamic dual pattern. Homogeneous green background is shown on the left image. The
“stiff rim” sign (a ring of red and orange round the lesions) is shown on the right image. RLB index: Reliable index.

mm in NMLs had the maximum AUC of 0.900, and the corresponding sensitivity,
specificity accuracy and cutoff value were 94.57%, 85.86%, 87.44% and 94.62 kPa,
respectively.

DISCUSSION

Previous research reported that both benign and malignant lesions could present as
NMLsP'*'"l, accounting for approximately 9.2% of all breast lesions!*l. The diagnostic
specificity of conventional ultrasound is low in distinguishing malignant lesions from
benign lesions!*l. Some studies!”'’! have shown that SWE had better diagnostic
performance than conventional ultrasound in the diagnosis of benign and malignant
breast NMLs; however, these studies mainly focused on the internal elasticity
characteristics of the lesions. In addition, some studies!"”! suggested that the stiffness
evaluation of surrounding tissues of breast lesions might have good differential
diagnostic value. The elasticity characteristics and diagnostic value of the stiffness of
the surrounding tissues in NMLs are still not clear, and there is no independent
studies on the qualitative and quantitative evaluation of these parameters.

In the present study, we found that the internal and peripheral Emax and Emean of
malignant NMLs were higher than those of benign NMLs, which is consistent with a
previous study on breast mass lesions®l. However, the mean values of internal
elasticity parameters of NMLs were lower than those of mass lesions in the malignant
group, and so was the diagnostic efficiency of internal parameters. This was mainly
related to the high percentage of intraductal carcinoma in situ in malignant NMLs.
Our results indicate that evaluation of the surrounding tissues may be more helpful in
the differential diagnosis of NMLs than internal SWE elasticity. The hardest tissue
with pathological changes was not located inside the lesion but on the peripheral
tissue, which was mainly because malignant lesions tend to seep into the surrounding
tissuel”l. Cancer cells infiltrate and diffuse to the peripheral interstitial tissue, and this
dynamic reaction leads to the formation of the mixed zone. The mixed zone may
consist of cell proliferation, lymphocytic infiltration, fibrosis, and angiogenesis of the
tumor!™, which could increase the peripheral stiffness around malignant lesions up to
2-10 times higher!”". Another study™™ reported that “stiff rim” sign was caused by
attenuation of the energy of the shear wave of the peritumoral region of the lesion.

Qualitative and quantitative analyses of the stiffness parameters in the tissues
surrounding NMLs, including the qualitative parameter (“stiff rim” sign) and
quantitative parameters (elasticity values of the shell at 1 mm, 1.5 mm, 2 mm, 2.5 mm
and 3 mm around the lesion) were performed. Using shell function, we found that the
presence of the “stiff rim” sign in the malignant group was significantly higher than
that in the benign group. In peripheral stiffness quantitative analysis, Emax and
Emean of the shell within 1-3 mm were significantly higher in the malignant group
than in the benign group. These results showed that elasticity analysis of the
surrounding tissues of NMLs may have the potential ability to distinguish benign
lesions from malignant lesions. The “stiff rim” sign and Emax/Emean of the shell
within 1-3 mm have high diagnostic value, and the AUC of Emax at the shell of 2.5
mm has the largest AUC of 0.900. Huang et al'! studied the surrounding tissues of
breast mass lesions and found that Emax of the shell at 3 mm had the best diagnostic
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M-STB Index:

Shell 2.5mm

E(kPa): A Shell
Mean: 43.10 84.25
Max: 141.22 192.43
Min: 13.37 5.54
SD: 23.58 36.04

Figure 2 Gray-scale-velocity dual pattern. The traced line of the outer edge (white circle) of the NMLs and the
shell at 2.5 mm (pink circle) can be seen on the left image. A “stiff rim” of red and orange can also be seen on the
right image. Mean, maximum, and minimum elastic values and the standard deviation were 33.80 kPa, 92.869 kPa,
6.23 kPa and 14.41 kPa, respectively, for internal elasticity, and 81.15 kPa, 167.97 kPa, 5.03 kPa and 28.05 kPa,
respectively, for the shell at 2.5 mm. The pathology result was infiltrating ductal carcinoma. A: The area within the
lesion. Shell: The area around the lesion. Emax: Maximum; Emean: Mean; Min: Minimum; Esd: Elastic values and the
standard deviation.

value. Possible reasons for this are as follows: (1) In our study, there was a large
percentage of intraductal carcinoma in situ, which has mild invasion ability to the
surrounding region; and (2) Our study thins out the shell layer. Of all the quantitative
elasticity parameters, Emax had better diagnostic efficacy than the others, which was
similar to previous studies!">*l. This was mainly because Emax, Emean and Esd
reflected different pathological anatomy changes. Emean reflects the average stiffness
in the region of interest (ROI), and Esd represents the heterogeneity of various tissue
textures in the ROI Cancers are histologically heterogeneous due to the heterogeneity
of the tumor cell population and the cancer microenvironment. Emean and Esd were
more likely affected by internal liquefaction, necrosis, calcification, collagen efc. Emax
reflects the maximum stiffness of the hardest tissue in the ROI, which is rarely
affected by other factors. Huang et al*! reported that Esd can improve the diagnosis
sensitivity of malignant lesions. The different results obtained in different studies
might be due to the different instruments used and the ROI type. Although Emean,
Esd and Emax are all stiffness parameters, the selection of appropriate parameters is
important, as they reflect different pathological formations.

SWE had good diagnostic value in NMLs; however, the false negative and false
positive results should not be ignored. Many studies!®**! have shown that multiple
clinical and ultrasonic factors are associated with false negative and false positive
results. In malignant NMLs, calcification, small lesion size and the appearance of in
situ carcinoma were associated with false negative results. In benign NMLs, short
distance to the nipple was the main reason for false positive results®l. To reduce both
false positive and false negative findings, it is necessary to make a diagnosis using a
combination of other imaging techniques, for instance, mammography is necessary in
cases with calcification in NMLs.

As the internal and peripheral parameters reflect different pathological formations
of the lesion, combined application of imaging techniques could further improve
diagnostic accuracy in NMLs. The combination of qualitative and quantitative
analyses of stiffness in the circumjacent area around NMLs was applied in this study,
which showed that Emax yielded a better performance than Emean as well as the
elasticity parameters of surrounding tissues. Our study still has some limitations. The
sample size was small. Qualitative and quantitative analyses of stiffness in the
circumjacent area of NMLs by SWE still requires further investigation in a multicenter
trial with a large sample size.

In conclusion, the “stiff rim” sign and other quantitative parameters within and
around the breast NMLs have good diagnosis accuracy. The Emax of peripheral shells
had the best evaluation efficiency. Combining qualitative and quantitative analyses of
stiffness may further improve the accuracy of diagnosis.
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Table 1 Comparison of general information between the benign group and the malignant non-mass lesions group

. Lactation

Location Amenorrhea hist
Group Age (yr) Maximum diameter (cm) Ay

Left Right Yes No Yes No
Benign (1 = 66) 49.70 +10.38 210+1.52 38 28 17 49 55 1
Malignant (1 = 52) 50.56 + 9.27 238+1.64 27 25 13 39 44 8
t/x? value -0.205 -0.959 0.376 0.009 0.035
P value 0.419 0.339 0.540 0.925 0.851

Table 2 Comparison of internal elasticity parameters of non-mass lesions (kPa)

Internal parameter Benign (n = 66) Malignant (n = 52) tvalue P value
Emax 4243 +20.62 97.95 + 23.56 -13.634 0.000
Emean 18.34+7.16 32.62 +14.98 -6.823 0.000
Emin 4.26+2.05 5.00 +2.47 -1.778 0.078
Esd 6.34+3.48 1539 £4.17 -12.848 0.000

Emax: Maximum; Emean: Mean; Min: Minimum; Esd: Elastic values and the standard deviation.

Table 3 Comparison of elasticity parameters around non-mass lesions

Peripheral parameter Benign (n = 66) Malignant (n = 52) tly? value P value
“Stiff rim” sign 6 26 24.628 0.000
Shell at 1 mm E1 max 4553 +22.81 125.41 + 35.68 -14.765 0.000
E1 mean 24.94 +7.92 4549 £17.71 -8.425 0.000
Shell at 1.5 mm E1.5 max 46.61 +22.39 136.40 £ 38.39 -15.889 0.000
E15 mean 2536 + 8.52 49.64 £18.98 9.281 0.000
Shell at 2 mm E2 max 5043 + 24.62 153.95 £ 35.56 -18.655 0.000
E2 mean 26.34+7.16 54.62 +17.98 -11.668 0.000
Shell at 2.5 mm E2.5 max 48.43 £25.62 167.95 £ 37.56 -20.506 0.000
E2.5 mean 29.34+7.16 69.62 £19.98 -15.200 0.000
Shell at 3 mm E3 max 42.43 +20.62 153.95 £ 23.56 -27.386 0.000
E3 mean 26.34+7.16 58.62 +14.98 -15.424 0.000
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Table 4 Sensitivity, specificity, accuracy, cutoff value and the area under the curve of each parameter

Parameter Sensitivity (%) Specificity (%) Accuracy (%) Cutoff value AUC
“Stiff rim” sign 50.00 90.91 72.88 - -

Emax 74.33 66.80 67.05 67.61 0.707
Emean 54.95 68.47 59.86 28.05 0.626
Emin 36.15 49.60 43.64 4.96 0.425
Esd 70.18 63.67 68.93 11.30 0.687
E1 max 83.61 75.01 75.04 84.65 0.795
E1 mean 68.29 57.94 63.69 33.08 0.647
E1.5 max 83.00 74.18 77.00 95.60 0.789
E1.5 mean 74.48 63.95 65.24 36.24 0.692
E2 max 86.36 76.04 80.06 100.50 0.826
E2 mean 75.53 66.11 68.51 33.97 0.704
E2.5 max 94.57 85.86 87.44 94.62 0.900
E2.5 mean 79.05 70.04 80.51 36.17 0.746
E3 max 90.52 81.83 84.03 88.56 0.881
E3 mean 76.82 68.11 76.86 35.48 0.734

AUC: The areas under the curve; Emax: Maximum; Emean: Mean; Min: Minimum; Esd: Elastic values and the standard deviation.

M-STB Index:

Shell 2.5mm

E(kPa): A Shell
Mean: 17.03 13.11
Max: 40.89 40.41
Min: 3.23 2.51
SD: 6.93 8.31

Figure 3 Gray-scale-velocity dual pattern. This shows the traced line of the outer edge (white circle) of the NMLs and the shell at 2.5 mm (pink circle) on the left
image, and no “stiff rim” on the right image. Mean, maximum, minimum elastic values and the standard deviation were 17.03 kPa, 40.89 kPa, 3.23 kPa and 6.93 kPa,
respectively, for internal elasticity, and 12.74 kPa, 37.00 kPa, 2.51 kPa and 7.90 kPa, respectively, for the shell at 2.5 mm. The pathology result was adenosis. A: The
area within the lesion; Shell: The area around the lesion. Emax: Maximum; Emean: Mean; Min: Minimum; Esd: Elastic values and the standard deviation.
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Figure 4 Receiver operating characteristic curves for internal and peripheral elasticity parameters of the shell at 1 mm, 1.5 mm, 2 mm, 2.5 mm, and 3 mm,
respectively. A: Receiver operating characteristic curves for internal elasticity parameters maximum (Emax), mean (Emean), minimum (Emin) elastic values and the
standard deviation (Esd), the area under the curve (AUC) was 0.707, 0.626, 0.425 and 0.687, respectively; B: Emax and Emean of the shell at 1 mm (as E1max and
E1mean), AUC was 0.795 and 0.647 respectively; C: Emax and Emean of the shell at 1.5 mm (as E1.5max and E1.5mean), AUC was 0.789 and 0.692, respectively;
D: Emax and Emean of the shell at 2 mm (as E2max and E2mean), AUC was 0.826 and 0.704, respectively. E: Emax and Emean of the shell at 2.5 mm (as E2.5max
and E2.5mean), AUC was 0.900 and 0.746, respectively; F: Emax and Emean of the shell at 3 mm (as E3max and E3mean), AUC was 0.881 and 0.734, respectively.
Emax: Maximum; Emean: Mean; Min: Minimum; Esd: Elastic values and the standard deviation; AUC: The area under the curve.
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ARTICLE HIGHLIGHTS

Research background

Shear wave elastography can help the differential diagnosis of breast lesions by evaluating the
hardness of breast lesions; however, there are few studies on the evaluation of the elasticity of
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breast non-mass lesions. In recent years, studies have shown that the evaluation of peripheral
elasticity of breast lesions may have better diagnostic efficacy than other parameters. However,
there has been no study on the internal and peripheral elasticity of breast non-mass lesions.

Research motivation
The aim of this study was to evaluate the internal and peripheral elasticity of breast non-mass
lesions using shear wave elastography.

Research objectives
To determine the value of shear wave elastography in the differential diagnosis of non-mass
breast lesions.

Research methods

The peripheral (the shell of 1 mm, 1.5 mm, 2 mm, 2.5 mm and 3 mm around the lesions) and
internal elasticity of non-mass breast lesions in 118 cases were evaluated. ROC curves of each
parameter were drawn and the diagnostic efficacy of each parameter was compared.

Research results
The “stiff rim” sign and other quantitative parameters within and around the breast NMLs had
good diagnostic efficiency. Emax of peripheral shells had better evaluation efficiency.

Research conclusions
Combining qualitative and quantitative analyses of both internal and shell stiffness may further
improve the diagnostic efficiency of breast non-mass lesions.

Research perspectives
In this study, we focused on the influence of the stiffness of the peripheral shell in breast non-
mass lesions on diagnosis.
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