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Purpose: To investigate the diagnostic and predictive value of strain ratios in the regions of
interests (ROIs) in reference tissue for breast tumor.

Patients and Methods: A total of 707 lesions in 665 consecutive patients were examined with
B-mode Breast Imaging-Reporting and Data System (BI-RADS) and Ultrasonic elastography
(UE). Elasticity score (ES) and strain ratio (SR) in each lesion were calculated. Receiver operating
characteristic (ROC) curves were used to assess the diagnostic value of BI-RADS, ES, SR1, SR2,
BI-RADS combined with ES (BI-RADS+ES), BI-RADS combined with SR1 (BI-RADS+SR1),
and BI-RADS combined with SR2 (BI-RADS+SR2). The sensitivity, specificity, and areas under
the ROC curves (Az) were obtained. Scatter plots were generated to demonstrate the correlation
between SR1 and SR2. Kruskal-Walls H-test, Mann—Whitney U-test and one-way ANOVA were
performed to evaluate SRs and tumor-related variables. Multiple linear regression analysis was
carried out to determine variables independently associated with SRs.

Results: BI-RADS had high sensitivity and low specificity in the diagnosis of breast tumor.
The specificity of BI-BADS combined with ES or SR was even higher. The Az value of BI-
RADSHES or BI-RADS+SRs was higher than that of BI-RADS (P < 0.001). The Az value of
ES was higher than those of SR1 and SR2 (P < 0.001), and those of SR1 and SR2 were
similar. SR1 and SR2 were highly positively correlated. There was no statistical difference
between Az values of BI-RADS+ES, BI-RADS+SR1, and BI-RADS+SR2. Indistinct mar-
gin, high histologic grade, histological type, and negative human epidermal growth factor
receptor (Her-2) were associated with SR1 and SR2. Progesterone receptor (PR) status and
molecular subtype were associated with SR2. Histologic grade and tumor margin were
significantly associated with SR1, and tumor margin was associated with SR2.
Conclusion: SRs in different ROIs in the reference tissue at the same depth showed no
different diagnostic value for breast tumor. Both SR1 and SR2 could be useful in assessing
the biological characteristics of invasive breast carcinoma.

Keywords: conventional ultrasonography, Breast Imaging-Reporting and Data System,

ultrasonic elastography, elasticity score, strain ratio

Introduction

In women, breast cancer is the commonest malignancy and a leading cause of cancer-
related death worldwide.' Current breast-imaging tools, such as ultrasound (US),
mammography, and magnetic resonance imaging, are sensitive but not specific
enough, leading to unnecessary close monitoring and biopsy.”* Clinically, palpation
of the breast is a useful method in differentiating benign from malignant lesions.’
Malignant breast lesions are usually stiffer than benign masses. However, diagnosis
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through manual palpation is subjective and unstandardized.
Ultrasound elastography was introduced into breast imaging
in 2003 to characterize the tissue stiffness in breast lesions.”®

In strain elastography, which is commonly used in current
US examination, the lesion is deformed with an external force
from the patient’s movements (like breathing, heartbeat), or
thythmic compression of US transducer.” Strain elastography
displays a color overlaid on the B-mode ultrasound (US), with
red/green/blue used to represent the degree of stiffness.” Strain
elastography provides qualitative and semi-quantitative
results, which reflect the stiffness of the lesions. Qualitative
analysis is subjective and lacks consistency, so semi-
quantitative measurement, such as the SR, is introduced to
reach consistency between examiners.'”'" The SR is calcu-
lated through dividing the mean strain of the reference tissue
by the mean strain within the breast lesion. Normal breast
tissue, either glandular tissue or fatty tissue, has served as the
reference in some studies.'*> ' In 2008, Zhi et al'® found that
the strain ratios derived from the reference tissue at the same
depth showed no difference in the diagnosis of breast masses.
However, we found that the ROIs of different sizes in the
reference tissue at the same depth yielded different breast SRs.
Our study aimed to 1) investigate the value of SRs derived
from different ROIs in distinguishing malignant tumors and
benign ones, and 2) assess the association between SRs and
diagnostic factors in invasive breast cancer.

62597 patients with 62997
suspicious breast lesions

l

Conventional Ultrasound

|

Patients and Methods

Materials

This study was approved by the ethics committee of the First
Affiliated Hospital of Nanjing Medical University (Nanjing,
China). Informed consent was waived since this was
a retrospective study. The study protocol observed to the
ethical guidelines of the Declaration of Helsinki. From
January 2018 to June 2019, we analyzed 62,997 breast lesions
from 62,597 consecutive patients. The inclusion criteria for
breast lesions were as follows: 1) solid breast lesions with
a diameter <25mm; 2) pathological findings; 3) complete
imaging. The exclusion criteria were as follows: 1) simple
cystic lesions; 2) lesions with a diameter >25 mm; 3) no
pathological findings; 4) incomplete images or information; 5)
lesions from patients under neoadjuvant chemotherapy; 6)
unclear lesion edges with posterior acoustic shadow. Finally,
707 lesions from 655 patients were included (Figure 1).

Image Acquisition

All patients underwent CUS and UE with a high-frequency
linear transducer (LAS523, 4-13MHz) connected to an
ultrasound system (MyLab Twice, Esaote, Italy), which
is developed with elastic imaging Q-Elaxto technology.
The patients were placed in a supine position to fully

expose their breasts and armpits. Real-time elastography

60444 breast lesions excluded:
-46019 no elastography
-5487 neoadjuvant chemotherapy

J

2553 strain elastography

-5378 simple cystic lesion
-3560 unclear lesion edges

1846 breast lesions excluded:
-825 larger than 25mm

707 breast lesions with pathological
results

-805 no pathological results
-216 incomplete information or images

v

354 malignant
lesions

Figure | Study flow diagram.

\’

353 benign
lesions
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was performed by manual compression after B-mode
sonographic examinations. In scanning, the transducer
was positioned perpendicular to the skin, with light pres-
sure monitored according to compression frequency
(range, 3-4), an indicator displayed on the screen.
A rectangular region of interest (ROI) box was placed at
a site more than twice as large as a solid mass, to ensure
that it had covered the subcutaneous fat layer and the
greater pectoral muscle. The strain was displayed with an
elastographic map of 256 colors, from green (greatest
strain; softest) to blue (average strain; intermediate) to
red (no strain; hardest). Conventional and elastographic
US images were acquired by two radiologists with more
than 15 years of experience in CUS and UE of breast.

Image Analysis

The Breast Imaging-Reporting and Data System (BI-
RADS)-US was used to evaluate each nodule on conven-
tional US and Doppler images.'® The following parameters
were recorded: tumor size (the long axis), shape (oval,
round, and irregular; oval and round considered as regular),
margin (circumscribed and not circumscribed; indistinct,
angular, microlobulated, and spiculated considered as not
circumscribed), posterior acoustic feature (no posterior fea-
tures, enhancement, and attenuation), and growth orienta-
tion (the relationship of the mass with the skin). Doppler
images were categorized into four classes (0, I, II, and III)
according to the Adler semi-quantitative blood-flow
classification.'”

According to the methods of Itoh et al,'® qualitative
elastographic images were scored: 1, an even strain in the
entire lesion; 2, strain in most of the lesion; 3, strain at the
periphery out of the center; 4, the entire lesion was stiff; 5,
the entire lesion and surrounding tissue were stiff.
Elasticity scores of 1 to 3 were classified as benign,
while scores 4 and 5 as malignant.

For semi-quantitative evaluation, SR was used to
describe the ratio of glandular tissue elasticity to lesion
elasticity, and was evaluated through a Picture Archiving
and Communication System by two radiologists with
more than 15 years of experience. In some studies,
normal fatty tissue was taken as the reference tissue.'’
However, the layer of breast fat in East Asian women is
comparatively thin.'” So, glandular tissue was taken as
the reference tissue in our study. The ROIs were drawn
automatically in regular lesions and manually in irregular
ones. The first ROI (A) was drawn along the margin of
the lesion, and the strain in ROI (A) was measured as the

strain of this lesion. Similarly, the second ROI (B) and
third ROI (C) were selected at the normal glandular
tissue, which reflected the strain of glandular tissue.
However, the areas of the ROI (B) and ROI (C) were
different. The second ROI (B) was small (<3.1 mm?),
and the third ROI (C) was as large as the first ROI (A).
Three ROIs at the same depth in the same color map
were chosen. Then the SR was calculated twice automa-
tically. SR1 was calculated as B/A, and SR2 as C/A
(Figure 2).

According to the method proposed by Xue et al,>° ES,
SR1, and SR2 were combined with BI-RADS (eg, ES+BI-
RADS, SRI+BI-RADS, and SR2+BI-RADS), respec-
tively. The grades originally assigned to the lesions were
lifted (or lowered) (except grades 5 and 2, which remained
unchanged) according to cutoffs derived from receiver
operating characteristic curves. If less than the cut-off
point, the BI-RADS was downgraded, and vice versa.

Histopathological Evaluation

For invasive cancers, specimens were used to determine the
histological grades of breast lesions, and the levels of estrogen
receptor (ER), progesterone receptor (PR), human epidermal
growth factor receptor (Her-2), and Ki-67. The histologic
grade was defined according to the Nottingham grading sys-
tem (grade 1, differentiated; grade 2, moderately differen-
tiated; grade 3, poorly differentiated).’’ The ER and PR
expressions were scored as positive or negative with
a nuclear immunostaining cutoff of 10%, and Ki67 >14%
was indicative of high proliferation.”* Immunohistochemistry
was taken into consideration in classifying Her-2. Her-2 status
was deemed to be positive with a score of 3+ and negative
with a score of 0 or 1+. Tumors scoring 2+ were submitted to
fluorescence in situ hybridization (FISH). Tumors with Her-2
amplification were considered positive when the ratio of the
Her-2 gene signal to chromosome 17 signal was >2. Based on
our immunohistochemistry results, the invasive cancers were
divided into four molecular subtypes: luminal A, luminal B,
Her-2 enriched, and triple-negative breast cancer.®> A positive
axillary lymph node was determined by the presence of metas-
tasis, with pathological results as a reference.

Statistical Analysis

ROC curve was fitted. The area under the ROC curve (4z)
with a 95% CI was determined to find the cutoff values of ES
and SR for differentiating benign from malignant breast
masses. The sensitivity and specificity were calculated. The
scatter plots were used to measure the correlation between
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Figure 2 Invasive ductal carcinoma grade Il in a 50-year-old woman. (A) Greyscale US image showed an irregular hypoechoic mass. (B) Color Doppler showed the blood
flow was abundant in the mass. (C and D). Elastographic image showed the lesion scored 5, and ROI (A) was drawn along the margin of the lesion, and its strain was
recorded. The ROI (B) and ROI (C) were selected at the normal glandular tissue, which reflected the strain of glandular tissue. ROl (B) was small (<3.Imm?) and ROI (C)

was as large as ROI (A). SRI was 4.77 (C), and SR2 was 6.32 (D).

SR1 and SR2. All variables about invasive carcinoma were
subjected to a descriptive analysis, Kruskal-Walls H-test,
Mann—Whitney U-test and one-way ANOVA were per-
formed to evaluate the association of SR1 or SR2 with tumor-
related variables. Using variables screened by a univariate
analysis, a multiple linear regression analysis was performed
to determine variables independently associated with SR1
and SR2. The statistical analysis was performed on SPSS
19.0 software (IBM Corporation, Armonk, NY). A receiver
operator characteristic (ROC) analysis was performed using
MedCalc 19.0.4 (MedCalc Software, Mariakerke, Belgium).
P < 0.05 was considered statistically significant, and » > 0.6
as highly correlated.

Results

Pathological Diagnoses
The pathological analysis showed that 354 (50.1%) lesions
were malignant and 353 (49.9%) lesions were benign

(Table 1). The most common malignant tumor was invasive
ductal carcinoma (n = 273), and the most common benign
tumor was fibroadenoma (n = 145). The mean diameter of
malignant lesions was 16.41 + 5.00 mm, and that of benign
lesions was 13.69 + 4.95 mm (P < 0.001). Mean age of
malignant breast lesions also differed from that of benign
ones significantly (52.73 + 11.15 y vs 47.15+ 1244y, P <
0.001).

Diagnostic Performance of BI-RADS and
Elastography

On conventional US, 140 lesions were classified into BI-
RADS category 3, 187 into category 4A, 100 into category
4B, 208 into category 4C, and 72 into category 5 (Table 2).
On the color map, two lesions were scored as 1, 184
lesions as 2, 157 as 3, 335 as 4, and 29 as 5 (Table 3).
The elasticity score of malignant lesions was 3.80 & 0.68,
which was higher than that of benign lesions (2.78 + 0.82)
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Table | Pathological Diagnoses in 707 Breast Lesions

Table 3 Distribution of Malignant and Benign Tumours for

(P < 0.001) (Table 4). The sensitivity, specificity, and Az
of elasticity score were 79.1%, 76.2%, and 0.806, respec-
tively (Table 5).

SR1 showed significant difference between malignant
and benign lesions (2.34 £ 0.78 vs 1.65 £ 0.75, P < 0.001).
Similarly, the mean SR2 of the malignant lesions was
significantly higher than that of the benign ones (2.47 +
0.92 vs 1.73 +£ 0.83, P < 0.001) (Table 4).

The sensitivity, specificity, and Az of SR1 were 81.6%,
66.3%, and 0.763, respectively; those of SR2 were 82.2%,
63.7%, and 0.756, respectively (Table 5). The scatter plots
demonstrated that SR1 and SR2 had a strong positive

Table 2 Distribution of Malignant and Benign Tumours for BI-
RADS I-5

Malignant (%) Benign (%) Total
BI-RADS | 0 (0) 0(0) 0
BI-RADS 2 0(0) 0 (0) 0 (0)
BI-RADS 3 32.0) 137 (97.9) 140
BI-RADS 4A 29 (15.5) 158 (84.5) 187
BI-RADS 4B 52 (52.0) 48 (48.0) 100
BI-RADS 4C 199 (95.7) 9 (43) 208
BI-RADS 5 71 (98.6) 1 (1.4) 72

Abbreviation: BI-RADS, B-mode Breast Imaging-Reporting and Data System.

. R Elasticity Score 1-5
Malignant Number | Benign Number
(%) (%) Malignant (%) Benign (%) Total
N=354 N=353 ES | I (50) I (50) 2
] ] ES 2 23 (12.5) 161 (87.5) 184
Invasive ductal 273 (77.1) | Fibroadenoma 145 (41.1)
. ES 3 50 (31.8) 107 (68.2) 157
carcinoma
. . ES 4 252 (75.2) 83 (24.8) 335
Invasive lobular 7 (2.0) Inflammation 16 (4.5)
. ES 5 28 (96.6) I (34) 29
carcinoma
Ductal carcinoma 36 (10.2) Adenosis 112 (31.7) Abbreviation: ES, elasticity score.
in situ
Lobular carcinoma 4.1 Papilloma 72 (204) Table 4 Elasticity Parameters in Malignant and Benign Lesions
in situ
Invasive papillary 5 (1.4) Benign lobulated | 3 (0.8) Parameters | Malignant Lesions | Benign Lesions P
carcinoma tumor (n=354) (n=353)
Papillary carcinoma 9 (2.5) Desmoid tumor | | (0.3) Elasticity 3.80+0.68 278+ 0.82 <0.001
in situ Score
Mucinous carcinoma 10 (2.8) Tubular I (0.3) SR | 2.34+0.78 1.65+ 0.75 <0.001
adenoma SR 2 2.47+0.92 1.730.83 <0.001
Mixed ductal-lobular 5(1.4) Nodular fasciitis | 2 (0.6)
. Note: Data are mean * standard deviation.
carcinoma Abbreviations: SR |, strain ratio |; SR 2 strain ratio 2.
Neuroendocrine 2 (0.6) Granulosa cell 1 (0.3)
carcinoma tumor
Adenoid cystic 1.3 . .
) 4 ©3) correlation (» = 0.821) (Figure 3). SRs (SR1 and SR2)
carcinoma
Metaplastic carcinoma | 2 (0.) increased with elasticity score (Figure 4). The sensitivity,

specificity, and Az of BI-RADS were 99.2%, 38.8%, and
0.690, respectively. After BI-RADS combined with elasti-
city score or strain ratio, the specificity was significantly
improved. The Az value of BI-RADS+ES or BI-RADS
+SRs was higher than BI-RADS (P < 0.001) (Table 5).

Diagnostic Performance of Elasticity

Parameters

The elasticity score yielded the highest Az value (0.8006),
higher than those of SR1 (4z = 0.763) and SR2 (4z =
0.756) (P < 0.001). The Az value of SR1 neared that of
SR2 (P = 0.569) (Figure 5A).

The sensitivity, specificity, and Az of BI-RADS+ES
were 86.2%, 77.3%, and 0.817 (cutoff 3.5), respectively;
those of BI-RADS+SR1 were 91.0%, 70.8%, and 0.809
(cutoff 1.72), respectively; those of BI-RADS+SR2 were
90.4%, 69.4%, and 0.799 (cutoff 1.71) (Table 5). The
sensitivity, specificity, and Az showed no difference
among the three indexes (Figure 5B).

Correlations Between Tumor Stiffness

and Clinicopathological Factors

Lesions enrolled in this study demonstrated 305 invasive
breast carcinomas, including 273 invasive ductal carcino-
lobular carcinomas, 10 mucinous

mas, 7 invasive
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Table 5 Diagnostic Performances of Different Elasticity Parameters

Parameters Threshold Sensitivity (%) Specificity (%) Az 95% CI

ES 35 79.1 76.2 0.806 0.775-0.835
SR I 1.72 8l1.6 66.3 0.763 0.730-0.794
SR 2 1.71 82.2 63.7 0.756 0.723-0.788
BI-RADS - 99.2 38.8 0.690 0.654-0.724
BI-RADS+ES - 86.2 773 0.817 0.787-0.845
BI-RADS+SR 1 - 91.0 70.8 0.809 0.788-0.837
BI-RADS+SR2 - 90.4 69.4 0.799 0.768-0.828

Abbreviations: ES, elasticity score; SR |, strain ratio |; SR 2, strain ratio 2; BI-RADS, B-mode Breast Imaging-Reporting and Data System; BI-RADS+ SRI, BI-RADS
combined with strain ratio |; BI-RADS+ SR2, BI-RADS combined with strain ratio 2; Az, area under the ROC curve.

carcinomas, 5 mixed ductal lobular carcinomas, and 10
rare invasive breast carcinomas. Histological type was
significantly associated with SR1 (P = 0.001) and SR2
(P = 0.008). Of these invasive cancers, invasive lobular
carcinoma showed the highest SR, while mucinous carci-
noma showed the lowest SR.

As for molecular subtypes, 12.1% of cancers were clas-
sified into luminal A subtype, 60.7% into luminal B subtype,
18.7% into Her-2 enriched subtype, and 8.5% into triple-
negative subtype. There was no significant statistical differ-

ence in SR value between these four subgroups.

In the univariate analysis, indistinct margin, high his-
tologic grade, histological type, and negative Her-2 status
were significantly associated with stiffness
described as SR1 and SR2. PR status and molecular sub-
type were associated with SR2. However, patient age,

tumor

tumor size, shape, posterior acoustic feature, orientation,
Adler blood flow grade, axillary lymph node status, ER,
and Ki-67 expression were not associated with SR (all
P >0.05).

In the multivariate logistic regression analysis, histolo-
gic grade (P = 0.012) and tumor margin (P = 0.034) were

5.0001

4,000

3.000+

Strain Ratio1

2.0007

1.0007

0.000-

T T
0.000 2.000

I I
4.000 6.000

Strain Ratio2

Figure 3 A scatter plot showing the correlation between SRI and SR2, with a positive correlation coefficient of r = 0.821 (R? = 0.674).
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Figure 5 Receiver operating characteristic curves for different elasticity parameters. (A) The Az value of elasticity score (0.806) was significantly higher than that those of
SR1 (0.763) and SR2 (0.756) (P < 0.001). However, there was no significant difference between the Az values of SRI and SR2 (P = 0.569). (B). There was no significant
difference between the Az values of BI-RADS combined with ES (0.817), BI-RADS combined with SR| (0.809), and BI-RADS combined with SR2 (0.799) (all P values > 0.05).

significantly associated with SR1, and tumor margin (P =
0.043) was significantly associated with SR2 (Table 6).

Discussion

Breast elastography has been developed as an adjunct to
conventional B-mode US for improving the overall
diagnostic accuracy of breast lesions.>* It evaluates the
stiffness of a lesion by comparing US radiofrequency
signals obtained before and after slight compression on

the tissue.”” In this study, elastography combined with
BI-RADS significantly improved the specificity for
breast lesions. In breast US elastography, the five-point
elasticity scoring system and SR are used to differentiate
benign and malignant breast lesions.'® Elasticity scoring
is qualitative and operator-dependent, whereas SR is
a semi-quantitative index describing the stiffness differ-
ence between pathological and normal (reference) tissue.
To calculate SR, fatty or glandular tissue is often taken
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Table 6 Relationships Between Strain Ratios and Clinicopathological Features in Invasive Carcinoma

Variables Number(%) SRI (MeaniSD) P SR2 (MeantSD) P
N=305

Age

<55 181 (59.3) 2.42+0.77 245091

255 124 (40.7) 2.39+0.76 0.813 2.65+0.94 0.081
Tumor size (mm)

<15 96 (31.5) 2.42+0.83 2.611.02

2|5 209 (68.5) 2.40+0.74 0.944 2.52+0.88 0.203
Tumor shape

Regular 38 (12.5) 2.52+0.65 2.34+0.83

Irregular 267 (87.5) 2.43+0.78 0.211 2.57+0.93 0.139
Tumor margin

Circumscribed 42 (13.8) 2.12+0.89 2.18%0.15

Not Circumscribed 263 (86.2) 2.45+0.73 0.008 2.60+0.89 0.001
Posterior acoustic feature

No posterior features 242 (79.3) 2.41+0.78 2.54+0.94

Enhancement 23 (7.5) 2.24+0.78 2.29+0.97

Attenuation 40 (13.2) 2.49+0.67 0.367 2.70+0.78 0.063
Orientation

Parallel 172 (56.4) 2.38+0.75 2.45+0.88

Not Parallel 133 (43.6) 2.44+0.78 0.419 2.65+0.97 0.073
Adler blood flow grade

0 4 (1.3) 2.07+0.64 2.4310.67

| 46 (15.1) 2.18+0.74 2.26+0.80

I 121 (39.7) 2.39+0.73 2.58+0.96

n 134 (43.9) 2.51+0.79 0.130 2.62+0.93 0.343
Histologic grade

Grade | 16 (5.3) 1.67+0.59 1.88+0.75

Grade |l 169 (55.4) 2.56+0.76 2.70+0.92

Grade |lI 120 (39.3) 2.28+0.71 0.000 2.42+0.90 0.000
Histological type

Ductal 273 (89.5) 2.44+0.75 2.56+0.92

Lobular 7 (2.3) 2.64+0.59 3.22+0.96

Mucinous 10 (3.3) 1.48+0.59 1.64+0.74

Mixed ductal- lobular 5(1.6) 2.03+£0.43 2.59+0.48

Other 10 (3.3) 2.78+0.85 0.001 2.67+0.87 0.003
LN status

Negative 211 (69.2) 2.39+0.79 2.51%0.92

Positive 94 (30.8) 2.43+0.69 0.603 2.63+0.93 0.357
ER status

Negative 47 (15.4) 2.37+0.81 2.49+1.06

Posotive 258 (84.6) 2.41+0.76 0.514 2.560.90 0.203
PR status

Negative 85 (27.9) 2.28+0.65 2.40+0.80

Positive 220 (72.1) 2.45+0.80 0.074 2.60+0.96 0.005

(Continued)
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Table 6 (Continued).
Variables Number(%) SRI (MeantSD) P SR2 (MeantSD) P
N=305

Her-2 status

Negative 248 (81.3) 2.45+0.78 2.60£0.91

Positive 57 (18.7) 2.22+0.65 0.027 2.31£0.94 0.015
Ki-67 status

<14% 39 (12.8) 2.39+0.76 2.43+0.83

=14% 266 (87.2) 2.41£0.77 0.682 2.56+0.94 0.795
Molecular subtype

Luminal A 37 (12.1) 2.23+0.73 2.39+0.84

Luminal B 185 (60.7) 2.48+0.80 2.65+0.91

Her2-enriched 57 (18.7) 2.22+0.65 2.31£0.94

Triple negative 26 (8.5) 2.36+0.74 0.147 2.52#1.02 0.045

Abbreviations: LN, lymph node; ER, estrogen receptor; PR, progesterone receptor;

as reference.” In previous analyses based on strain

5,26,27

elastography, there was no uniform standard for

the selection of reference tissue. Previous studies
showed that SRs at sites with the same distance to the
stress source did not vary in a tissue-mimicking phan-
tom, regardless of the size of reference tissue.”®
However, the texture of tissue-mimicking phantom
made of synthetic polymers is different from that of
woman breast, so the diagnostic value of SRs in the
reference tissue for breast tumor remains to be assessed.

This is the first large-Chinese-population study to com-
pare the breast-cancer-diagnosing values of SRs in differ-
ent ROIs selected from the same reference tissue. This
study showed that at the same depth, the difference was
not statistically significant between areas under the curve
of SR1 and SR2, and both areas were positively correlated.
Because ultrasonography can only be used to define the
ROI in tumor tissue, the ROI in reference tissue has to be
set manually. In measuring SR1, we found that the ROIs of
reference tissue showed homogeneous colors, making it
easier to select ROIs and perform multiple measurements.
Additionally, the area of ROI in SR1 measurement was
small, which is consistent with the results of Harve et al,*®
who pointed out that a smaller reference area provided
a better anatomical perspective and a more even strain
distribution. In measuring SR2, the ROIs showed inhomo-
geneous colors; for SR2 measurement, the area of ROI in
irregular lesions was not equal to that of the lesion. In
China with a large population, SR1 is easier to be mea-

sured and suitable for clinical work.

Her-2, human epidermal growth factor receptor 2.

Previous studies harvested inconsistent findings on the
diagnostic value of elasticity score and SR for breast
lesions."*?%?° In our study, the areas under the ROC
curve for elasticity score, SR1, and SR2 were 0.806,
0.763, and 0.756, respectively; that of elasticity score
was higher than those of SR1 and SR2. This finding is
1’ and Zhou et al.” Even

though, elasticity score is often subjectively obtained and

concordant with those by Lee et a

highly dependent on the experience of operators. In this
study, the operators had 15-20 years of experience in
breast imaging. For less-experienced doctors, whether the
elasticity score is more accurate than SR remains to be
investigated. The areas under the ROC curve for BI-RADS
+ES, BI-RADS+SR1, and BI-RADS+SR2 were 0.817,
0.809, and 0.799, respectively; there was no significant
statistical difference between them.

To our knowledge, this is the first large-Chinese-
population study to evaluate the efficacy of strain elasto-
graphy in diagnosing invasive breast cancer. In our study,
the stiffness of a cancer was positively associated with its
malignance. A high SR was significantly associated with
an indistinct margin, a histologic type, a high histologic
grade, and a negative Her-2 status.

As we all know, angular and spiculated margins are
two well-established malignant criteria.>' An indistinct
margin may suggest the desmoplastic reaction within sur-

1’2 showed

rounding tissue. A study by Blaichman et a
a slight to moderate predictive power of margin in malig-
nant tumors. As shown in other studies,®*** histological

type was another major factor associated with SRI,
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highest in invasive lobular carcinoma (ILC) and lowest in
mucinous carcinoma. The growth of ILC involves the
invasion of single cells or single files of cells through the
stroma, with little disturbance to normal tissue, so ILC
often displays perfect or moderate differentiation.*> In
this study, ILC was moderately differentiated and had
less necroses, so it was stiffer than invasive ductal carci-

1*® and Ganau et al*’ also reported the

noma. Joseph et a
similar results. Since ILC often appears as a non-mass-like
lesion on ultrasound, elastography may be complementary
in identifying ILC. As discussed by Ganau et al,>’ for its
regular morphology and high-level mucin, mucinous car-
cinoma often appears benign and soft.

The association between histological grade and sonoelas-
tographic features remains controversial. Similar to those
1,83 this study showed that
the SRs of grades 2 and 3 were greater than that of grade 1,
but the SR of grade 3 was lower than that of grade 2.

Chamming et al*® suggested that necrosis, more in higher
141,42

made by You et al and Lee et a

grades, was correlated with stiffness. Dominkovic et a
also suggested that triple negative breast cancers, always in
a higher histological grade, demonstrated softer features on
shear wave elastography. Overexpression of Her-2 is linked
with cell proliferation, invasion, and metastasis, so Her-
2-positive cells have more malignant phenotypes.*® Her-
2-positive tumors usually develop with more necroses and
less pronounced desmoplastic reaction.**** In a murine
model, Chamming’s et al*® confirmed a negative correlation
between stiffness and necrosis and a positive correlation
between stiffness and fibrosis. However, the present study
showed a higher SR in Her-2-negative breast cancer than in
Her-2-positive breast cancer, which is similar to the finding
of You et al.>® This higher SR in Her-2 negative lesions might
be associated with higher-degree fibrosis and lower-degree
necrosis. Of the 248 Her-2-negative masses, 61% were in
grade 2, probably explaining why their stiffness was greater
than that in Her-2-positive masses. Molecular subtype was
1*%), but not
). The relationship

associated with SR2 (as suggested by Zheng et a
with SR1 (as suggested by Durhan et al*’
between PR

controversial.***” In this study, positive PR was associated

status and lesion elasticity = was
with SR2, but not with SR1. Large sample and multi-center
studies may be needed to determine the relationship between
SR and these prognostic factors.

There were some limitations in this study. First, the study
only involved Chinese women, without considering the influ-
ence of race. Second, we did not evaluate the effect of inter-

observer variability on breast elastography. Precompression

technique, which can avoid interobserver variability, was not
assessed in our study. Moreover, according to Havre’s research
of tissue-mimicking phantom, we assumed that the SRs at the
same depth were the same. In fact, we need to compare strain
ratios at different depths in breast tissue. Another limitation
was that the selection of samples was biased, and tumors larger
than 25 mm in diameter were not studied. Finally, we explored
the relationships between prognostic factors and SR, but the
long-term clinical outcomes of SR remain unclear.

In conclusion, SRs in different ROIs of the reference
tissue at the same depth showed no statistical difference in
the diagnosis of breast tumors, and SR1 and SR2 were highly
positively correlated. SR1 is more suitable for clinical setting
in China. In addition, both SR1 and SR2 could be useful in
identifying invasive breast cancer. Better-designed studies
should be accomplished to verify our results.
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