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Abstract: Purpose: This study was designed to investigate the relationship between ultrasound values of breast can-
cer and its pathology and metastasis. Methods: A retrospective study was conducted on 80 patients diagnosed with
breast cancer by pathologic examination in our hospital. The tumor size, tumor type, tumor grade, and the presence
of distant metastasis were recorded. Vascular invasion, molecular subtype, pathobiologic indicators, and other mea-
sures were analyzed to explore the correlation between ultrasound measurements and pathology and metastasis in
breast cancer patients. Result: The proportion of ultrasound scores did not differ significantly among the groups (P
> 0.05). The enrolled subjects were grouped according to tumor types (intraductal carcinoma, invasive ductal carci-
noma, invasive lobular carcinoma, and special types), tumor grade (grade 1-3), metastasis, vascular invasion, and
pathobiologic indicators (positive or negative ER/PR and HER-2 expression). These factors affected the ultrasound
scores of breast cancer patients, resulting in significant differences in the proportions of scores between the groups
(P < 0.05). Conclusion: The ultrasound scores of breast cancer are closely related to its pathologic changes, and this
has implications for the types of pathological tissues, biologic indicators, and presence of metastasis. Therefore,

ultrasound values may be useful as a primary pathologic screening method for breast cancer patients.
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Introduction

Breast cancer is a malignant tumor originating
from the glandular epithelial tissue of the bre-
ast [1]. Changes in lifestyle and dietary habits
have elevated the incidence of breast cancer
year by year. Data show that the annual num-
bers of new cases of breast cancer worldwide
increased from 641,000 in 1980 to 1.7 million
in 2012, with an average annual increase of
3.1% [2], and some researchers have predicted
that new cases of breast cancer in China will
reach 250,000 in 2021 [3]. Early clinical symp-
toms of breast cancer are subtle, thus hard to
notice. Advanced breast cancer may show
symptoms such as lumps, skin changes, and
axillary lymph node metastasis, which causes
a heavy burden on health of individuals. Thus
timely and accurate determination of lesion
types is of great significance for subsequent
treatment [4, 5].

Currently, breast cancer is mainly diagnosed
by pathologic examination and imaging tests,

among which, pathologic examination is inva-
sive and has a long detection period [6]. In con-
trast, imaging tests have the advantages of
rapid detection, being non-invasive, and repro-
ducibility. For example, Doppler ultrasound te-
sts have the advantages of high accuracy and
resolution, and have been promoted clinically
as a common imaging tool for breast diseases
and play an important role in the diagnosis and
treatment of breast cancer [7]. A review of
imaging tests for breast cancer has found that
2D ultrasound images and color Doppler have
evolved into effective techniques for early de-
tection and diagnosis of breast cancer, and if
high-frequency 2D ultrasound is combined with
color Doppler ultrasound, it is possible to ana-
lyze breast lesions not only morphologically but
also in terms of blood flow, which has a better
diagnostic accuracy [8].

Although ultrasound has been widely used in
the diagnosis and differentiation of breast dis-
ease, the correlation between ultrasound mea-
sures and pathologic and metastatic character-
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istics of breast cancer has not been fully ex-
plored. By retrospective analysis, we compar-
ed clinically diagnosed breast cancer patients
according to molecular subtype, metastasis,
pathologic characteristics, etc., and preliminar-
ily demonstrated the feasibility of ultrasound
values to assess the pathologic and metastatic
characteristics of patients with breast cancer.

Materials and methods
Baseline data

This was a retrospective study and data were
collected from 80 patients with primary breast
cancer admitted to the Breast Surgery Depart-
ment from January 2018 to January 2020. All
patients were female with unilateral onset, ag-
ed 29-73 years, with a median age of (50.19+
2.39) years. All enrolled patients underwent
bilateral breast ultrasound and the presence of
masses was confirmed before surgery, and the
presence of breast cancer was confirmed by
postoperative pathology. This study received
the approval of the medical ethics committee
of Hangzhou Fuyang Women and Children Hos-
pital. All subjects signed the informed consent
before participating in the study.

Inclusion criteria: (1) preoperative presence of
breast masses was confirmed by bilateral bre-
ast ultrasound; (2) the diagnosis of breast can-
cer was confirmed by postoperative pathology;
(3) patients had complete medical data.

Exclusion criteria: (1) those who had received
interventional treatment such as chemothera-
py or radiotherapy before surgery; (2) those
whose ultrasound test or postoperative pathol-
ogy was not performed in our hospital; (3) preg-
nant or lactating women; (4) those with recur-
rent, metastatic breast cancer or breast cancer
with local infection; (5) those with other concur-
rent malignancies.

Intervention methods

All subjects received ultrasound examinati-
on using ALOKA ARIETTA 70 (HITACHI, Japan).
Patients lay in a supine position, with arms
raised above the head, fully exposing the dis-
eased breast and the ipsilateral axilla, and th-
en the detection started from the central region
of the patient’s breast by an ultrasound high-
frequency probe (8-10 MHz). First, we set the
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detection mode to two-dimensional ultrasono-
graphy to observe the lesion repeatedly and
multi-sectionally, and record the size, contour,
boundary and internal echo of the mass. After
completion of the two-dimensional ultrasonog-
raphy, we switched the detection mode to ul-
trasound elastography mode, and performed a
second round of detection to determine wheth-
er the mass was metastatic, tumor grading,
and other indicators in detail.

Histopathological detection. Diseased tissues
of the study subjects were obtained and em-
bedded with paraffin, 4-um sections were ma-
de and stained with H&E for histopathological
analysis. Histological evaluation was perform-
ed with reference to the 2003 World Health
Organization (WHO) classification of breast pa-
thology [9]. Whether tumor cells produced infil-
tration into surrounding adipose and fibrous tis-
sues, whether tumor cells showed restricted
growth, and whether there was interruption of
normal breast tissues were determined.

Outcome measurement

Ultrasound scoring criteria: The scoring of le-
sion hardness on ultrasound elastography was
carried out according to the Itot scoring method
[10], and the hardness of the examined tissue
could be distinguished according to the ultra-
sound color, 1: the lesion and its surrounding
tissue were pink; 2: purple or interspersed with
green; 3: predominantly green and interspersed
with yellow; 4: predominantly yellow and inter-
spersed with red, and 5: predominantly red.
With the increase in the score, the hardness of
the examined tissue also increased, with a
score of < 3 considered as benign and >3 as
malignant.

Histopathologic and testing criteria for lesions:
According to WHO Classification of Breast Tu-
mors (2003), the pathologic types are classi-
fied as ductal carcinoma, invasive ductal carci-
noma, invasive lobular carcinoma, and special
types. Tumor grading was performed according
to Bloom-Richardson [11] grading standards.
The lesions were graded as 1-3 according to
cell morphology. Lymph node metastasis or
vascular metastasis was determined with refer-
ence to pathologic testing. The expression of
ER, PR, and HER-2 were detected with the
same type of paraffin specimens used in pa-
thologic testing. ER and PR staining were posi-
tive if the nucleus of breast cancer cells showed
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Table 1. Correlation analysis between tumor size and ultra-
sound score [n (%)]

Ultrasound score

Tumor diameter n - - -

3 points 4 points 5 points
<1lcm 15  2(13.33) 3(20.00) 10 (66.67)
1-2cm 34 2 (5.88) 15 (44.12) 17 (50.00)
>2cm 31 8(25.81) 10 (32.26) 13 (41.94)
F - 2.228
P - 0.311

Table 2. Correlation analysis between tumor type and ultra-
sound score [n (%)]

Ultrasound score

Tumor type - - -
3 points 4 points 5 points

Intraductal cancer 14 3(21.43) 6(42.86) 5(35.71)
Infiltrative ductal carcinoma 31 5(16.13) 11 (35.48) 15 (48.39)
Invasive lobular carcinoma 21 2(9.52) 6(28.57) 13(61.90)

Special type 14 2 (14.29) 5(35.71) 7 (50.00)
F - 6.669
P - <0.001

Table 3. Correlation analysis between tumor grade and ultra-
sound score [n (%)]

Ultrasound score

Results

Correlation analysis between tu-
mor size and ultrasound score

A total of 80 lesions were detected
in 80 patients. Ultrasound detec-
tion revealed that 15 cases of
< 1 cm accounted for 18.75%, 34
cases of 1-2 cm accounted for
42.50%, and 31 cases of < 2 cm
accounted for 38.75%. Ultrasound
test results showed that 12 cases
had a score of 3, 28 cases had a
score of 4, and 40 cases had a
score of 5. There was little differ-
ence in the proportion of ultra-
sound scores in patients with dif-
ferent tumor diameters (P > 0.05),
suggesting tumor diameters had
no significant effect on the ultra-
sound scores of breast cancer
(Table 1).

Correlation analysis of tumor stag-
ing and ultrasound score

The pathologic examination show-
ed that the percentage of 4 scores
was the highest in intraductal car-
cinoma (42.86%), the percentage
of 5 scores was the highest in in-

Tumor grade n - - -

3 points 4 points 5 points
Level 1 15 6 (40.00) 4 (26.67) 5(33.33)
Level 2 36 4(11.12) 17 (47.22) 15 (41.67)
Level 3 29 2 (6.90) 7 (24.14) 20 (68.97)
F - 10.198
P - <0.001

vasive ductal carcinoma (48.39%),
the percentage of 5 scores was the

brownish yellow, while HER-2 was positive when
cell membrane showed brownish yellow. The
molecular subtypes were divided into Luminal
A, Luminal B, and triple negative type.

Statistical methods

The collected data were analyzed with SPSS
22.0 [12]. The measured data were expressed
as (X = s), and the independent samples t-test
was used for the comparison between- and
within-group. The counted data were expressed
as [n (%)], and the x2? test was used for inter-
and intra-group comparison. ANVOA was app-
lied for the comparison of multiple points within
groups. A value of P < 0.05 was considered sig-
nificant. All statistical graphs were prepared
using GraphPad Prism 8.
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highest in invasive lobular carcino-
ma (61.90%), and the percentage
of 5 scores was the highest in special types
(50.00%), with significant differences in the
percentage of ultrasound sonographic scores
among different tumor staging (P < 0.05) (Table
2).

Correlation analysis of tumor grade and ultra-
sound score

Among the 80 patients included in the study,
15 patients with grade 1 accounted for 18.75%,
36 patients with grade 2 accounted for 45.00%,
and 29 patients with grade 3 accounted for
36.25%. The percentage of 3 was the high-
est in grade 1 (40.00%), the percentage of 4
was the highest in grade 2 (47.22%), and the
percentage of 5 was the highest in grade 3
(68.97%), suggesting significant differences
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scores (62.50%) and the low-
est percentage of 3 scores
(6.90%) (P < 0.05). The ER/
PR test results of patients wi-
th different ultrasound scores
were significantly different (P
< 0.05). Among the patients
with positive HER-2 expres-
sion, the ultrasound score of
5 points accounted for the
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Figure 1. Correlation analysis between lymph node metastasis and vascular
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highest percentage (75.00%),
while 3 points was 33.33%,
showing significant differenc-
es between groups (P < 0.05)
(Figure 2).
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Figure 2. Correlation analysis between pathobiologic indicators and ultra-

sound score. ER/PR (A); HER-2 (B). #P < 0.05.

among patients with different tumor grades (P
< 0.05) (Table 3).

Correlation analysis of lymph node metastasis
and vascular invasion with ultrasound scores

A total of 52 patients (65.00%) had lymph node
metastases, and 80% of patients with lymph
node metastases were scored 5, followed by
4 and 3 (33%), showing a significant differen-
ce between groups (P < 0.05). A total of 51
patients had vascular metastases, accounting
for 63.75%, with ultrasound scores showing si-
gnificant difference between groups (P < 0.05)
(Figure 1).

Correlation of pathobiologic indicators with
ultrasound scores

As for ER/PR indicators, the double-positive
patients showed the highest percentage of 5
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Correlation between molecu-
lar subtype and ultrasound
score

Molecular subtype analysis re-
vealed that the highest per-
centage of Luminal A was
41.67% in those with an ultra-
# sound score of 3, 42.86% in
those with a score of 4, and
37.50% in both Luminal A and
Luminal B in patients with a
score of 5. This suggests th-
ere was no difference in ul-
trasound sonographic scores

4 s among patients with different
HER-2 molecular subtypes (P > 0.05)
(Table 4).
Discussion

Breast cancer is one of the common malignant
tumors in women [13], which is induced by
genetic mutation and leads to abnormal prolif-
eration of breast epithelial cells. The abnormal
proliferation of cancer cells destroys the sur-
rounding normal tissues and changes the nor-
mal structure of the breast [14]. Breast cancer
mainly occurs in women aged 40-60 years.
Genetic factors, ionizing radiation, and unhe-
althy diet have raised the incidence of breast
cancer [15]. Since the symptoms of breast can-
cer are not obvious at the early stage, the con-
dition is easily neglected, leading to delay in
treatment and high mortality rate, so early diag-
nosis and treatment are of great significance
to the prognosis of patients [16]. Imaging tests
including ultrasound, magnetic resonance im-
aging (MRI), and mammography are of great
value in the diagnosis and identification of
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Table 4. Correlation analysis between molecular subtype

and ultrasound scores [n (%)]

invasive lobular carcinoma, intraductal
carcinoma, lobular carcinoma in situ,

Molecular subtype

etc. These showed significance in the

Ultrasound score n

Luminal A Luminal B Triple negative

severity of malignancy and prognosis

and were also directly evidenced by

3 points 12 5(41.67) 4(33.33) 3(20.00) the differences in ultrasound score.
4 points 28 12 (42.86) 10 (35.71) 6 (21.43) We speculate that the reasons are
5 points 40 15(37.50) 15(37.50) 10 (25.00) related to the different severity of
F - 0.228 malignancy of the lesions.

P - 0.767

breast diseases, but traditional X-ray tests are
less accurate. It has been found that X-ray tests
have a misdiagnosis rate of 50% for breast can-
cer, and their sensitivity also decreases as the
density of the breast increases [17].

In this study, we analyzed the correlation be-
tween ultrasonographic measures and the pa-
thology and metastasis to demonstrate the
feasibility of determining the pathologic fea-
tures of breast cancer by ultrasonography. The
results showed that there was little difference
in ultrasound scores between subgroups of
breast cancer patients with different tumor
diameters. Clinical practice has found that the
larger the diameter of a tumor, theoretically,
the faster it proliferates. The little difference in
ultrasound scores in this study may be due to
the small sample size [18]. This study also ana-
lyzed the correlation between different tumor
types and ultrasound scores. The results sh-
owed that there were significant differences in
ultrasound scores in patients with ductal carci-
noma, lobular carcinoma, and other types of
lesions. A prospective study of 127 breast can-
cer patients has shown that patients with in-
vasive lobular carcinoma and invasive ductal
carcinoma have significant differences in ul-
trasound burrs, calcification, morphology, and
rear echo attenuation. Highly differentiated br-
east cancer lesions are also different in blood
flow and morphology, indicating a clear correla-
tion between breast cancer ultrasound scores
and histopathology, which is consistent with
the results of this study [19]. A study showed
that 84.71% of breast cancer tissues exhibited
internal echogenic inhomogeneity and 70.41%
of breast cancer patients had lesions with fea-
tures such as burrs and indistinct margins, whi-
le the features of internal echogenicity varied
widely among different types of breast cancer
[20]. The pathologic types of breast cancer are
usually classified as invasive ductal carcinoma,
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We also found that patients with the
presence of lymph node metastases
or vascular metastases tend to have higher
scores, with 80.00% and 20.00% of 5 scores
for lymph node metastases and no metasta-
ses, respectively. This suggests that breast
cancer patients with metastases have a signifi-
cantly higher chance of developing distant me-
tastases. An analysis of the correlation betwe-
en ultrasound performance and axillary lymph
node metastasis in 144 breast cancer patients
showed that blood flow Adler grading was clo-
sely related to axillary lymph node metastasis,
and ultrasound was of great value in predicting
the presence of axillary lymph node metastasis
in breast cancer preoperatively [21]. Another
study has found that the pathologic morpholo-
gy of the edge of invasive breast cancer is ca-
used by malignant cells breaking through the
basement membrane and infiltrating into the
interstitium. Therefore, its ultrasound results
have a typical burr shape, which is also indica-
tive of malignant transformation and can be
used as a clinical diagnostic criterion [22].
Thisis similar to the results of this study. It is
speculated that ultrasound detection has the
advantages of non-invasiveness, good repro-
ducibility, high resolution, and high accuracy,
and ultrasound detection can identify the na-
ture of the tumor by assessing the blood flow
signal of the tumor in addition to observing the
location, morphology, margin, and internal mor-
phology, Breast cancer with distant metastasis
often implies a higher risk of malignancy and
invasiveness, which is reflected in ultrasound
image features such as burr-like signs and
unclear borders. This provides important refer-
ences for the qualitative diagnosis of breast
cancer [23, 24]. Finally, it was also found in this
study that molecular indicators have good fea-
sibility in assessing the pathological character-
istics of breast cancer, which has actually been
verified in the clinical setting [25]. ER, PR and
HER-2 have been used as important indicators
for the prognostic assessment of breast can-
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cer, and previous studies have indicated that
HER-2 is closely correlated with tumor blood fl-
ow abundance, and HER-2 positive cases tend
to imply more abundant blood flow (67.2%) [26,
27]. This suggests that biomarkers of breast
cancer patients are closely related to their
ultrasound values.

In conclusion, ultrasound manifestations of
breast cancer are closely related to its patho-
logic changes, namely, histologic type, molecu-
lar subtype, biologic indicators, and the pres-
ence of metastases. Ultrasound measures can
be considered as a primary screening tool for
breast cancer. The shortcoming of this study is
the interference by subjective factors. This is
inevitable when collecting ultrasound sono-
graphic scores and various case data, which
requires strengthening of quality control to
eliminate errors.
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