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Abstract: Objective: To analyze the diagnostic efficacy of ultrasound elastography (UE) and dynamic contrast-en-
hanced MR in benign and malignant breast masses. Methods: From August 2016 to May 2019, the medical records
of 98 patients with breast masses in the Zhuji Sixth People’s Hospital were retrospectively analyzed, including 45
cases of benign tumor and 53 cases of malignancy diagnosed by pathology. All patients were examined by UE and
dynamic contrast-enhanced MR imaging. The pathologic results were used as the gold standard, and the detection
results of benign and malignant masses under different examinations were observed and compared with pathol-
ogy to analyze the specificity and sensitivity. Results: The specificity and sensitivity of diagnosis by UE were 94.44%
and 86.89% respectively. The specificity and sensitivity of diagnosis by dynamic contrast-enhanced MR imaging
were 96.30% and 91.80%, respectively. The specificity and sensitivity of joint diagnosis were 98.36% and 90.74%,
respectively. Conclusion: Joint diagnosis can improve the sensitivity in the diagnosis of benign and malignant breast
masses. This improves the diagnostic value for breast tumors.
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Introduction Because early BC does not show obvious clini-
cal symptoms, it is mostly diagnosed by imag-
ing examination [4]. Clinical research shows
that the elasticity of the diseased tissue is
closely related to the benign versus malignant
state. A malignant mass is composed of hard
tissue, the boundary of which is mostly star-
shaped or crab-like edged. Most of them show
invasive growth, adhesion to nearby tissues,
and reduced activity and elasticity during palpa-
tion, unlike a benign mass [5, 6]. Ultrasound
elastography (UE) technology is widely used in
clinical examination of the breast, because it
can objectively reflect the relative hardness of

Breast cancer (BC) is the most common non-
skin cancer among women all over the world. It
is also a main cause of cancer-related death
among women all over the world, with the sec-
ond highest mortality [1]. According to statis-
tics, there were about 2.1 million newly diag-
nosed cases in 2018, accounting for 11.6% of
all new cancer cases. The total number of BC
deaths in 2018 accounted for 15% of all can-
cer-related deaths worldwide [2]. With aging of
the Chinese population, the morbidity and mor-
tality of BC in China have also increased. In
2020, data showed that the age-standardized

morbidity and mortality in China were 36.1 per
100,000 people and 8.8 per 100,000 people
respectively [3]. Therefore, early detection of
BC is helpful to treat it, reduce the risk of dea-
th, and improve the survival rate of patients.

tissue according to the color displayed in the
image. At the same time, this technology has
the advantages of being non-traumatic, no radi-
ation, real-time dynamics, low cost, high effi-
ciency, simplicity, and convenience [7, 8].
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Magnetic resonance imaging (MRI) is an emerg-
ing imaging technique with good soft tissue
resolution, and the time-dynamic contrast-
enhanced curve can well show the hemody-
namic characteristics of breast masses [9].
Many studies have revealed that with the wide
clinical application of MRI, MRI of the breast
plays a complementary role to other imaging
techniques, because it can detect occult early
BC that cannot be detected by other imaging
techniques [10]. Dynamic contrast-enhanced
MR is characterized by multi-orientation, multi-
parameters, high resolution, and can detect
small lesions, which has gained use in the diag-
nosis of BC [11]. After the injection of contrast
agent, subtraction technology can be realized
to improve the examination accuracy by analyz-
ing the shape and blood flow of the lesion [12].
However, some studies have also concluded
that MR is deficient in the diagnosis of breast
masses. In the study by Satake et al. [13], the
ability of UE and MR to diagnose 115 breast
masses classified as BI-RADS category 4 or 5
was analyzed by multifactorial logistic regres-
sion analysis, and their study showed that UE
provided a more reliable predictive value for
malignancy compared to MR. Therefore, to ex-
plore the value of MR and UE, this study com-
pared the diagnostic efficacy of these two diag-
nostic modalities for breast masses.

In order to effectively utilize the advantages of
the two examination methods to improve the
accuracy of the diagnosis of benign and malig-
nant breast masses, this study was designed to
use postoperative pathology as the gold stan-
dard, and compare the different advantages
and limitations of UE and dynamic contrast-
enhanced MR examination, aiming to provide a
valuable reference for clinical diagnosis.

Methods and materials
Patients data

From August 2016 to May 2019, the medical
records of 98 patients with breast masses who
underwent UE and dynamic contrast-enhanced
MR imaging admitted to the Zhuji Sixth People’
s Hospital were retrospectively analyzed. Using
pathologic diagnosis as the gold standard, 45
patients were diagnosed as benign, with a total
of 54 masses, and 53 cases were malignant,
with a total of 61 masses. This study has been
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approved by the Medical Ethics Committee (Lot
No. 20220308).

Inclusion and exclusion criteria

Inclusion criteria: Before use of UE and MR
dynamic enhancement imaging, the patient
had not undergone breast-related therapy.
Both UE and dynamic contrast-enhanced MR
imaging examinations were performed, and the
time difference between the two detection
methods was less than one week. All lesions
underwent puncture biopsy or surgical resec-
tion, and specimens were obtained and sent
for pathologic diagnosis, with pathologic diag-
nosis results as the gold standard. Patients
received an accurate diagnosis of benign or
malignant nodules. All patients had complete
medical data, including medical records, past
medical history, laboratory, and imaging find-
ings.

Exclusion criteria were as below: Those with
comorbid malignant tumors; congenital malfor-
mation of the chest that can affect the dia-
gnosis of imaging; coagulation dysfunction;
patients who were unable to cooperate with the
examination; pregnant and lactating patients;
patients with breast implants that may affect
the imaging diagnosis.

Examination methods

UE: The IU22 intelligent ultrasonic equipment
system produced by Philips Electronics Group
in the Netherlands was selected for examina-
tion, and the probe frequency was 6-13 MHz.
The first examination was a two-dimensional
ultrasound. The patient was placed in supine
position and lateral position if necessary. The
arms were raised to fully expose the whole
breast. With the nipple as the center point, cir-
cular scanning was done from the edge of the
breast to the nipple direction to observe each
quadrant of the breast and the axillary lymph
nodes. If a tissue mass was detected, the posi-
tion, size, blood flow, and frequency spectrum
of the mass were measured and recorded from
multiple sections. Then, the new mode of elas-
tography technology preset by the instrument
was entered, and the region of interest (ROIs) in
the lesion area was further processed. An elas-
tography technology scan was usually complet-
ed on the degree of spontaneous breathing and
the amplitude of heartbeat of the patient. UE
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technology inspection was designed to use
real-time double-amplitude imaging, namely,
the combined mode of two-dimensional image
and elastography image, which showed the
characteristics of an elastography image and
gray-scale image respectively. The sampling
frame of the elastography images should be
1.5 to 2 times larger than the range of the
breast mass. The elastography images were
color-coded to indicate the elastic hardness of
different tissues. According to the hardness
score of elastography (5-point scoring scheme)
combined with the characteristics of the instru-
ment, the elastography images were graded by
color coding, and all information was recorded
and stored on the spot. The final result was
determined by two doctors.

Dynamic contrast-enhanced MR imaging: Av-
anto magnetic resonance imaging system
(Siemens, Germany) was used for examination.
The nipple was perpendicular to the ground, so
that all breast tissues were located in the coil.
MR plain scan was designed to select the fat
inhibition sequence (T2WI: slice thickness 4.0
mm, TR4 300 ms, TE 105 ms, interval 1.0 mm)
and TAWI non-fat inhibition sequence (TAWI: TR
775 ms, TE 12 ms, interval 1.0 mm, slice thick-
ness 4.0 mm) for imaging. The scanning param-
eters of dynamic contrast-enhanced MR were
TE 1.63 ms, TR 4.42 ms and slice thickness
1.2 mm. Magnevist was injected through the
median cubital vein and compared by three-
dimensional volume ultra-fast multi-phase
dynamic sequence. The normal saline (15 mL)
was used for scouring, so that the scanning
time was gradually enhanced. Siemens Le-
onardo VD10B workstation was used for data
processing. The ROIs was defined in the part
with the largest lesion area and the most sig-
nificant enhancement, which was slightly small-
er than the lesion area, avoiding the lesions
such as bleeding, necrosis, and a liquefied cap-
sule. Dynamic enhancement was to make a
perfusion curve according to the ROIs. The b
value = 0.500 s/mm? 0.800 s/mm? and
0.1000 s/mm? were selected respectively to
generate the corresponding ADC image. Each
lesion was measured for 3 times, and the aver-
age value was the ADC value of the lesion. On
T1WI of non-fat inhibition sequence, the com-
position of mammary gland tissue was de-
scribed, and the signal intensity of lesion was
expressed by high, slightly high, or low signal.
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The final result was determined by two do-
ctors.

Evaluative criteria of UE results

The hardness score of elastography (5-point
scoring scheme) was used in this study. 1: The
whole or most of the lesion was green; 2: The
lesion was shown as blue in the center and
green at the periphery; 3: The proportion of
green and blue in the lesion was similar; 4: The
whole lesion was blue or there was a little green
inside; 5: The lesion and surrounding tissues
were all blue, with or without green inside [14].
A score of 1-3 was diagnosed as benign, while
scores of 4 and 5 were diagnosed as ma-
lignant.

Evaluative criteria of MR results

The images of all cases were analyzed, and the
MR shape and dynamic contrast-enhanced
scan points of the lesions were divided into 1-8
points. Finally, it was concluded that lesions
with a round and flaky shape were benign, while
those with irregular shape and spiculated mar-
gins were malignant.

Outcome measures

Using the final pathologic diagnosis results of
patients as the gold standard, the diagnostic
results of benign and malignant breast masses
by two diagnostic methods and joint diagnosis
were observed. The joint diagnosis was made
by parallel test, and two tests were used at the
same time. If one of the test results turned out
to be positive, the test was regarded as posi-
tive. The specificity and sensitivity of each diag-
nostic method were calculated and compared,
and ROC curves were drawn to evaluate their
diagnostic efficacy. Sensitivity = true positive/
(true positive + false negative) x 100%,; speci-
ficity = true negative/(true negative + false pos-
itive) x 100%.

Statistical methods

All the data were calculated by SPSS 26.0
(SPSS Inc., Chicago, IL, USA), and the chi-
square test was used to compare the rates,
expressed as x2. All the measuring materials
were in accordance with the normal distribu-
tion. The ROC curve was drawn to detect the
diagnostic value of various diagnostic methods
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Table 1. Pathologic results

Benign mass (n = 54)

Malignant mass (n = 61)

Fibroadenoma 21 (38.89)
Mastopathy 17 (31.48)
Intraductal papilloma 11 (20.37)
Breast inflammatory disease 3 (5.56)
Benign phyllodes tumor 2 (3.70)

Invasive ductal carcinoma 36 (59.02)
Intraductal carcinoma in situ 14 (22.95)
Intraductal papillary carcinoma 7(11.48)
Invasive lobular carcinoma 3(4.92)

Table 2. Score results of UE diagnosis

diagnosed and 8 cases were misdiag-

Pathologic diagnosis

Benign mass Malignant
(n=54) mass (n = 61)

nosed.

Benign diagnosed by UE

Comparative analysis of morphological
diagnosis and pathology comparative

1 point 12(22.22) 4(6.56) of breast tumor by dynamic contrast-
2 points 24 (44.44) 2(3.28) enhanced MR examination
3 points 15 (27.78) 2(3.28)

Malignant diagnosed by UE Comparative analysis of diagnostic mor-
4 points 2(3.70) 22 (36.07) phology and pathology of breast tumors
5 points 1(1.85) 31 (50.82) by dynamic contrast-enhanced MR exami-

Note: UE: ultrasound elastography.

for benign and malignant breast masses. The
specificity and sensitivity of different diagnostic
methods were compared by the three-dimen-
sional chi-square test. The area under the ROC
curve of each detection method was compared
and analyzed by Z test. GraphPad Prism 7
(GraphPad Software, Inc., San Diego, CA, USA)
was used to draw pictures. P<0.05 was regard-
ed as statistically significant.

Results
Pathology results

A total of 115 breast masses were collected
from 98 patients, including 54 benign mass-
es and 61 malignant masses. The pathologic
results after operation are shown in Table 1.

Score results of UE diagnosis

The diagnostic results of breast masses by UE
diagnostic score and pathology comparative
analysis are shown in Table 2. With pathologic
diagnosis as the gold standard, 54 benign
masses and 61 malignant masses were diag-
nosed. The 56 malignant breast masses were
diagnosed by UE, among which 53 were cor-
rectly diagnosed and 3 were misdiagnosed.
The 59 benign breast masses were diagnosed
by UE, among which 51 cases were correctly
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nation is shown in Table 3. With pathologi-

cal diagnosis as the gold standard, 58

malignant breast masses were diagnosed
by dynamic contrast-enhanced MR, among
which 56 cases were correctly diagnosed and
2 cases were misdiagnosed. 57 benign breast
masses were diagnosed by dynamic contrast-
enhanced MR, among which 52 cases were
correctly diagnosed and 5 cases were mis-
diagnosed.

Analysis of results of the two diagnostic meth-
ods and joint diagnosis

Totally 54 benign masses and 61 malignant
masses were diagnosed by pathologic gold
standard; 56 malignant masses were diag-
nosed by UE; 58 malignant masses were di-
agnosed by dynamic contrast-enhanced MR
imaging; and 61 malignant masses were joint-
ly diagnosed, as shown in Table 4.

Comparison of diagnostic efficiency between
the two diagnostic methods and joint diagno-
sis

The ROC curve showed that the AUC of UE diag-
nosis was 0.907, that of dynamic contrast-
enhanced MR imaging was 0.940, and that of
joint diagnosis was 0.946; so, there was signifi-
cant difference between UE and dynamic con-
trast-enhanced MR in AUC (P<0.05), but there
was no significant difference between joint
diagnosis and both UE and dynamic contrast-
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Table 3. Results of dynamic contrast-enhanced MR examination

Pathologic diagnosis

Benign (n =54) Malignant (n = 61)

Benign diagnosed by dynamic contrast-enhanced MR examination

Round shape
Flaky shape

Malignant diagnosed by dynamic contrast-enhanced MR examination

Irregular shape
Spiculated margin

34 (62.96) 3(4.92)

18 (33.33) 2(3.28)
1(1.85) 27 (44.26)
1 (1.85) 29 (47.54)

Note: MR: Magnetic resonance.

Table 4. Joint diagnosis results

pression, are displayed in blue.

Pathologic diagnosis

Those breast tissues with medium

Diagnostic mode

tal elasticity coefficient are displayed

Malignant Benign in green. Therefore, the hardness

UE e
) of the patient’s tissues can be
Malignant 53 s 56 visually observed according to
Benign 8 51 59 the color of the image [16]. Two-
Total 61 54 dimensional gray scale images
Dynamic contrast-enhanced MR imaging and color Doppler imaging are
Malignant 56 2 58 generally easy to overlook some
Benign 5 52 57 minimal lesions in the breast, and
Total 61 54 the benign and malignant lesions
Joint diagnosis are very similar and difficult to dis-
Malignant 60 5 65 tinguish [17]. However, UE can
Benign 1 49 50 better detect minimal breast le-
Total 61 54 sions, and can accurately distin-

Note: UE: ultrasound elastography; MR: Magnetic resonance.

enhanced MR in AUC (P>0.05). In addition,
there was no statistical difference in specifi-
city and sensitivity among the three groups
(P>0.05) as shown in Tables 5, 6, and Figure 1.

Discussion

Ultrasound elastography (UE) imaging is based
on the difference in elasticity coefficient bet-
ween human tissues. The higher the elasticity
coefficient of the tissue, the greater the hard-
ness of the tissue. By superimposing two-
dimensional sound images of different tissues
and codes with different elastic coefficients,
the obtained image can show the hardness of
the lump objectively [15]. The changes in echo
signals of the breast tissue before and after
compression can be transformed into real-time
color images. In these images, those tissues
with larger displacement and smaller elastic
coefficient after compression are displayed in
red. The breast tissues with small displace-
ment and large elastic coefficient after com-
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guish benign and malignant breast
lesions. The reason is that, regard-
less of the size of tumor lesions,
there are fundamental differences in hardness
and tissue elasticity coefficients. Moreover,
when the volume of malignant lesions is small,
they are not prone to liquefaction and necrosis
inside the lesions, so the probability of a false
positive or false negative is low [18]. According
to the scoring results of this UE diagnosis, 56
malignant masses and 59 benign masses were
detected in 115 masses, so the specificity,
sensitivity and accuracy of UE diagnosis were
94.44%, 86.89% and 90.43%, respectively.
However, some sources of error exist in the
diagnosis of UE. The reason may be that when
a patient has a long course of disease, the
hardness may increase due to calcification,
and a large size of the lesions in the catheter
and an increase in fibrous composition may
also lead to the increase of hardness and affect
the score.

MR has a high resolution of soft tissue and a
high sensitivity for BC. It can be imaged in mul-
tiple directions to observe areas that cannot be
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Table 5. Diagnostic efficacy

ed margin, which are related

to their invasive growth [21,

Specificity Sensitivity )
UE 04.44% 36.89% 22]. In this study, 61 ma-
) ) i lignant masses and 54
Dynamic contrast-enhanced MR imaging 96.30% 91.80% benign masses were diag-
Joint diagnosis 90.74% 98.36% nosed by dynamic contrast-
X 1.492 5.724 enhanced MR, and the spe-
P 0.474 0.057 cificity, sensitivity, and accu-
Note: UE: ultrasound elastography; MR: Magnetic resonance. racy were 96.30%, 91.80%
and 93.91%, respectively.
. The reason for misdiagnosis
Table 6. Comparison of area under the curve may be that not all patients
A P with ductal carcinoma in situ
UE vs. Dynamic contrast-enhanced MR imaging -2.021 0.043 have neoplastic new capillar-
UE vs. Joint diagnosis -1.598 0.110 ies, so the enhancement sh-

Dynamic contrast-enhanced MR imaging vs. Joint diagnosis -0.223 0.823 ows diversity [23]. Gilles et al.

100

80
,\.; —
E 60 _
2 49 o
g . UEAUC=0.907

20 MRAUC=0.941

e Joint diagnesis p |yC=0.946
0 T S8 T T T T 1
0 20 40 60 80 100

100% - Specificity%

Figure 1. ROC curves of two diagnostic methods and joint diagnosis. UE:
ultrasound elastography; MR: Magnetic resonance; ROC: receiver operating

characteristic; AUC: area under the curve.

shown by mammography molybdenum target,
such as armpits and the deep part of the bre-
ast near the chest wall [19]. Dynamic contrast-
enhanced MR can reflect the blood flow velocity
in the lesion by contrast agent, and then diag-
nose the lesion by combining its morphologic
characteristics [20]. The blood flow in normal
glands or benign lesions is weak, and the signal
intensity changes slowly with time. However,
due to the abundant blood supply and the lack
of normal capillaries in malignancies, the con-
trast agent flows out faster, which makes the
MR signal fade faster. Benign lesions tend to
grow slowly, and are characterized by smooth
edges, clear boundaries, and uniform enhance-
ment, mainly by pushing and pressing the sur-
rounding tissues. Malignancies tend to show
lobulation, unclear boundaries, and a spiculat-
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also revealed that dynamic
contrast-enhanced MR show-
ed poor calcification in some
lesions [24]. The specifici-

— Joint diagnosis ty, sensitivity, and accuracy

MR of UE combined with dyna-
UE mic contrast-enhanced MR
examination were 96.30%,
Identity% 96.72%, and 96.52%, which
were higher than those of a
single examination method,
indicating that the combined
examination had higher diag-
nostic value for breast tu-
mors. Gao et al. also reveal-
ed that the diagnostic rate of
MR in BC could be improved
by combining UE, which is
similar to our research [25].

There are also some shortcomings in this stu-
dy. First, for the selection of the ROls, we placed
them at the most uniform part of the early
enhanced parenchyma of the lesion, but the
parameter results obtained by different place-
ment methods may be different. Whether this
arrangement is optimal needs to be further
studied. Second, the technique and experience
of the doctor who conducted the examination
may also cause variation in research results.
Finally, the number of individual pathologic
types of mass included in the study was small,
so the research results may not be com-
prehensive.

To sum up, joint diagnosis could improve the
sensitivity of diagnosis, which has higher diag-
nostic value for breast tumors.

Am J Transl Res 2023;15(4):2870-2877



UE plus dynamic contrast-enhanced MR for diagnosing breast masses

Disclosure of conflict of interest
None.

Address correspondence to: Yifei Ma, Department
of Ultrasound, The People’s Hospital of Zhuji, No. 9
Jianmin Road, Taozhu Subdistrict, Zhuji 311800,
Zhejiang, China. Tel: +86-13777304010; E-mail:
yifeimal377@163.com

References

[1] Athira K and Gopakumar G. Breast cancer
stage prediction: a computational approach
guided by transcriptome analysis. Mol Genet
Genomics 2022; 297: 1467-1479.

[2] Roginski M, Sifaki-Pistolla D, Stomby A, Veliva-
saki G, Faresjo T, Lionis C and Faresjo A. Para-
doxes of breast cancer incidence and mortality
in two corners of Europe. BMC Cancer 2022;
22:1123.

[3] SuH,LiX LvYand Qiu X. Breast cancer epide-
miology and survival analysis of Shenyang in
Northeast China: a population-based study
from 2008 to 2017. Breast J 2022; 2022:
6168832.

[4] Baltz AP, Siegel ER, Kamal AH, Siegel R, Kozlik
MM, Crist STS and Makhoul I; ASCO Quality
Publications Task Force. Clinical impact of
ASCO choosing wisely guidelines on staging
imaging for early-stage breast cancers: a time
series analysis using SEER-medicare data. JCO
Oncol Pract 2023; 19: e274-e285.

[5] Xie X, MaY, Xing X, Zhou H, Liu S, Zhang Y and
Xu M. The values of elastic quantitative and
semi-quantitative indexes measured from dif-
ferent frequencies in the establishment of pre-
diction models for breast tumor diagnosis.
BMC Med Imaging 2022; 22: 196.

[6] SugaK, Tsunoda H, Fukui S, Oba K, Yagishita K
and Kurihara Y. Why is the depth/width ratio of
a typical fiboroadenoma small in breast ultraso-
nography? J Med Ultrason (2001) 2023; 50:
97-101.

[7] Ventura C, Baldassarre S, Cerimele F, Pepi L,
Marconi E, Ercolani P, Floridi C, Argalia G, Go-
teri G and Giovagnoni A. 2D shear wave elas-
tography in evaluation of prognostic factors in
breast cancer. Radiol Med 2022; 127: 1221-
1227.

[8] Xue N and ZhangS. Analysis of the accuracy of
ultrasound elastography and BI-RADS classifi-
cation of breast masses located within the su-
perficial fat layer of the glands. Gland Surg
2022; 11: 1722-1729.

[9] Miyazaki Y, Shimizu J, Kubo Y, Tabata N and
Aso T. Quantitative classification of invasive
and noninvasive breast cancer using dynamic

2876

(10]

(11]

[12]

(13]

(14]

(15]

(17]

(18]

(19]

magnetic resonance imaging of the mammary
gland. J Clin Imaging Sci 2022; 12: 45.

Tabar L, Dean PB, Lee Tucker F, Chen TH,
Smith RA, Duffy SW, Chiu SY, Ku MM, Fan CY
and Yen AM. Imaging biomarkers of breast
cancers originating from the major lactiferous
ducts: ductal adenocarcinoma of the breast,
DAB. Eur J Radiol 2022; 154: 110394.

Song D, Kang BJ, Kim SH, Lee J and Park GE.
The frequency and causes of not-detected
breast malignancy in dynamic contrast-en-
hanced MRI. Diagnostics (Basel) 2022; 12:
2575.

Allen TJ, Henze Bancroft LC, Kumar M, Brad-
shaw TJ, Strigel RM, McMillan AB and Fowler
AM. Gadolinium-based contrast agent attenua-
tion does not impact pet quantification in si-
multaneous dynamic contrast enhanced
breast PET/MR. Med Phys 2022; 49: 5206-
5215.

Satake H, Nishio A, Ikeda M, Ishigaki S, Shima-
moto K, Hirano M and Naganawa S. Predictive
value for malignancy of suspicious breast
masses of BI-RADS categories 4 and 5 using
ultrasound elastography and MR diffusion-
weighted imaging. AJR Am J Roentgenol 2011;
196: 202-209.

Cui YY, He NA, Ye XJ, Hu L, Xie L, Zhong W and
Zhang CX. Evaluation of tissue stiffness around
lesions by sound touch shear wave elastogra-
phy in breast malignancy diagnosis. Ultra-
sound Med Biol 2022; 48: 1672-1680.

Leng X, Japaer R, Zhang H, Yeerlan M, Ma F
and Ding J. Relationship of shear wave elastog-
raphy anisotropy with tumor stem cells and
epithelial-mesenchymal transition in breast
cancer. BMC Med Imaging 2021; 21: 171.
Huang L, Ma M, Du Z, Liu Z and Gong X. Quan-
titative evaluation of tissue stiffness around
lesion by sound touch elastography in the diag-
nosis of benign and malignant breast lesions.
PLoS One 2019; 14: e0219943.

Wang, LiY, Song Y, Chen C, Wang Z, Li L, Liu
M, Liu G, Xu Y, Zhou Y, Sun Q and Shen S. Com-
parison of ultrasound and mammography for
early diagnosis of breast cancer among chi-
nese women with suspected breast lesions: a
prospective trial. Thorac Cancer 2022; 13:
3145-3151.

Bulum A, Ivanac G, Divjak E, Biondié Spoljar |,
DZoi¢ Dominkovi¢ M, Bojani¢ K, Lucijani¢ M
and Brkljaci¢ B. Elastic modulus and elasticity
ratio of malignant breast lesions with shear
wave ultrasound elastography: variations with
different region of interest and lesion size. Di-
agnostics (Basel) 2021; 11: 1015.

van den Bosch MA, Daniel BL, Pal S, Nowels
KW, Birdwell RL, Jeffrey SS and Ikeda DM. MRI-
guided needle localization of suspicious breast

Am J Transl Res 2023;15(4):2870-2877


mailto:yifeima1377@163.com

[20]

[21]

[22]

(23]

UE plus dynamic contrast-enhanced MR for diagnosing breast masses

lesions: results of a freehand technique. Eur
Radiol 2006; 16: 1811-1817.

Wang N, Xie Y, Fan Z, Ma S, Saouaf R, Guo Y,
Shiao SL, Christodoulou AG and Li D. Five-di-
mensional quantitative low-dose multitasking
dynamic contrast-enhanced MRI: preliminary
study on breast cancer. Magn Reson Med
2021; 85: 3096-3111.

Makkat S, Luypaert R, Sourbron S, Stadnik T
and De Mey J. Assessment of tumor blood flow
in breast tumors with T1-dynamic contrast-en-
hanced mr imaging: impact of dose reduction
and the use of a prebolus technique on diag-
nostic efficacy. J Magn Reson Imaging 2010;
31: 556-561.

Makkat S, Luypaert R, Stadnik T, Bourgain C,
Sourbron S, Dujardin M, De Greve J and De
Mey J. Deconvolution-based dynamic contrast-
enhanced MR imaging of breast tumors: cor-
relation of tumor blood flow with human epi-
dermal growth factor receptor 2 status and
clinicopathologic findings—-preliminary results.
Radiology 2008; 249: 471-482.

Wu D, Xu N, Xie Y, Shen Y, Fu 'Y, Liu L, Chi Z, Lu
R, Xiang R, Wen Y, Yang J and Jiang H. Noninva-
sive optoacoustic imaging of breast tumor mi-
crovasculature in response to radiotherapy.
Front Physiol 2022; 13: 1044308.

2877

[24]

[25]

Gilles R, Meunier M, Lucidarme O, Zafrani B,
Guinebretiére JM, Tardivon AA, Le Gal M, Vanel
D, Neuenschwander S and Arriagada R. Clus-
tered breast microcalcifications: evaluation by
dynamic contrast-enhanced subtraction MRI. J
Comput Assist Tomogr 1996; 20: 9-14.

Gao LY, Gu Y, Xu W, Tian JW, Yin LX, Ran HT,
Ren WD, Mu YM, Zhang JY, Chang C, Yuan JJ,
Kang CS, Deng YB, Wang H, Xie XY, Luo BM,
Guo SL, Zhou Q, Xue ES, Zhan WW, Jiao T, Zhou
Q, Li J, Zhou P, Huang PT, Xue HY, Zhang CQ,
Chen M, Jing XX, Gu Y, Guo JF, Ding HY, Xu JF,
Chen W, Liu L, Zhang YH, Wang HQ, Mu ZP, Li
JC, Wang HY and lJiang YX. Can combined
screening of ultrasound and elastography im-
prove breast cancer identification compared
with MRI'in women with dense breasts-a multi-
center prospective study. J Cancer 2020; 11:
3903-3909.

Am J Transl Res 2023;15(4):2870-2877



