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Background: Tumor size affects clinical staging and is closely related to prognosis. Therefore, early
diagnosis of breast cancer is one of the most important methods to reduce mortality and improve prognosis.
However, minimal breast cancer is difficult to differentiate from small benign breast masses due to
insufficient typical malignant signs. The significantly increased range of enhancement can be an important
indication for the prediction of malignancy; however, quantitative studies on the extent of enhancement
are rarely reported. The purpose of this study was to investigate the value of contrast-enhanced ultrasound
(CEUS) area ratio in finding benign and malignant small breast masses.

Methods: A retrospective analysis was conducted on 88 patients with breast masses confirmed by surgery
or needle biopsy (the maximal diameter not over 1 cm). 88 breast masses were divided into the younger age
group (not over 40 years old) and older age group (over 40 years old) according to the patient’s age. The
receiver operating characteristic (ROC) curve was used to determine the cutoff values of CEUS area ratio in
diagnosing benign or malignant small breast masses in each group. The efficiency of different cutoff values
in finding benign and malignant small breast masses of the distinct groups was analyzed.

Results: The CEUS area ratio of malignant mass was larger than benign masses (P<0.05). The CEUS area
ratio of malignant masses in the younger age group was larger than that in the older age group (P<0.05).
The results of the ROC curve analysis showed that the area under the curve (AUC) and the cutoff values of
the entire group, the younger age group, and the older age group were 0.887, 1.65; 0.909, 1.95; and 0.908,
1.22, respectively. When the cutoff value of the older age group was reduced from 1.65 to 1.22, its diagnostic
sensitivity was improved significantly (P<0.05).

Conclusions: CEUS area ratio has specific application value in finding benign and malignant small breast
masses. Proper reduction of the cutoff value of elderly patients can further improve its diagnostic sensitivity

without significantly reducing the specificity.
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Introduction

Breast cancer remains the most common cancer
and the leading cause of cancer mortality in women
worldwide (1). How to prevent is unknown; thus, early
detection and early diagnosis of breast cancer is of great
importance. Ultrasound has the advantages of non-
radiation, low price, convenience and high diagnostic
accuracy. Meanwhile most Chinese women have relatively
small, dense breasts (2). Therefore, ultrasound was chosen
as the primary imaging modality for breast examination (3).
Minimal breast cancer refers to breast cancer whose
diameter is less than 10 mm (4), and it is difficult to
differentiate it from benign small breast tumors by
conventional ultrasound diagnosis because of insufficient
typical malignant signs (5). Contrast-enhanced ultrasound
(CEUS) is a new ultrasound technology that can display
tumor microcirculation in real-time. It is widely used in
the differential diagnosis of benign and malignant breast
masses. However, the observation indicators of each
research morality are not the same. Balleyguier et al. (6)
stated that when there are some characteristics, such as
rapid enhancement, peripheral ring enhancement and
obvious expansion of enhancement range, it is suggested
that the lesion is malignant. Zhao et 4/. (7) found out
Lesions showing claw-shape enhancement and contrast
medium persistence were classified as malignant, and
lesions showing homogeneous enhancement without
contrast persistence were classified as benign. It shows
excellent diagnostic efficiency as one sign of a malignant
tumor, the significantly increased range of enhancement
after CEUS can be used as an essential clue to predict
malignancy (8-10). However, there are few reports on
the quantitative study of the enlargement range. The
purpose of this study was to investigate the value of CEUS
area ratio in the differential diagnosis of benign and
malignant small breast masses by retrospectively analyzing
the ultrasonic data of 88 cases of small breast masses.
We present the following article in accordance with the
STARD reporting checklist (available at http://dx. doi.
org/10.21037/gs-20-697).

Methods
Research subjects

From July 2016 to July 2019, a total of 1,208 consecutive

patients with breast masses were referred to our department
for CEUS examinations. We excluded 1,056 cases with the
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maximum diameter over 1 cm, 59 cases without pathological
results and 5 cases with poor image quality. Finally, the
data of 88 patients (88 breast masses) with the maximum
diameter not over 1 cm who were confirmed by surgery or
needle biopsy in our hospital were retrospectively analyzed.
Conventional ultrasound and CEUS were performed
1-2 d before surgery or needle biopsy for all the masses,
all of which were primary lesions and had received no
treatment before. All the patients were female with an
average age of 42.59+11.03 (range, 24-83) years. They
were divided into the younger age group (not over 40 years
old) and the older age group (over 40 years old) with their
age (11) (Figure I). The study was reviewed and approved
by the Medical Ethics Committee of the First Affiliated
Hospital of Soochow University, with the written consent of
all the patients taking part in the experiment. All procedures
performed in this study involving human participants were
in accordance with the Declaration of Helsinki (as revised

in 2013).

Instruments and methods

Mindray Resona7, LOGIQ E9, and MyLab Class C Color
Doppler sonography were used (with probe models of
L11-3U; ML6-15, 9L; and LA523 and LA522, and with
contrast agent of SonoVue (Bracco Corporate, Shanghai,
China). Before angiography, all patients agreed and signed
informed consent. The patient was placed in the supine
position with both hands raised to expose the breast fully.
First, grayscale ultrasonography scanned the mammary
gland, and if any nodule was found, the characteristics of
the nodule, including the position, maximum diameter,
shape, edge, internal echo, and rear echo were recorded.
Then the section of the nodule, with the most abundant
blood supply, was selected for angiographic examination.
After 3.0 mL, SonoVue was injected through the cubital
vein mass, 5 mL normal saline was rapidly injected for
flushing, and a timer and dynamic storage function were
started while the contrast agent was injected. During the
examination, we asked the patient to breathe calmly, kept
the selected section unchanged, and did not press the
probe.

Iimage analysis

Two experienced senior physicians tested all ultrasound
images without knowledge of the patient’s clinical data.
When the two did not agree, a consensus was reached
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Figure 1 Flow diagram of participants. CEUS, contrast-enhanced ultrasound.
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Figure 2 Ultrasonography of fibroadenoma of breast. The picture
came from a 28-year-old female patient and showed a hypoechoic
mass in the left breast on ultrasound. The maximum diameter
of the mass was 0.9 cm under conventional ultrasound, and the

contrast area ratio was 1.38.

through discussion. The dynamic contrast images stored
in the hard disk of the instrument were played back, and
the images were frozen when the contrast intensity of
the nodule reached its peak. The grayscale image and the
contrast image of the nodule were tracked, respectively
(Figure 2). The area ratio before and after contrast was
calculated, and the average value was taken after repeated
measurements for three times. When the nodule displayed
iso-enhancement with the surrounding tissue, and the

boundary was unclear, the default area ratio before and after
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nodule contrast was 1.

Statistical analysis

The SPSS 23.0 software package was used for statistical
analysis of the data. The normality of measurement data
was checked with the K-S test. Measurement data of normal
distribution are expressed as mean = standard deviation
(x+s) and measurement data of non-normal distribution as
median (interquartile range) [M (P25, P75)]. The Mann-
Whitney U test was used for the comparison between two
independent samples. The receiver operating characteristic
(ROC) curve was constructed from the pathological results,
the area under the curve (AUC) was obtained, and the
diagnostic threshold was calculated. y’-test was used to
compare the diagnostic performance between different
diagnostic thresholds. P<0.05 was considered statistically
significant.

Results
Pathological results

Among the 88 breast masses, 54 cases were benign mass,
including 29 cases of fibroadenoma, 17 cases of adenopathy,
6 cases of intraductal papilloma, and 2 cases of plasma cell
mastitis. There were 29 cases of left lesion and 25 cases of
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Table 1 Differences in the contrast area ratios between benign and malignant masses among the groups [M (P25, P75)]

Group

Number of cases

Contrast area ratio Z value P value

General group

—6.096 <0.001

Benign 54 1.19 (1.04, 1.58)
Malignant 34 2.08 (1.59, 2.61)

Younger group -4.592 <0.001
Benign 29 1.27 (1.03, 1.63)
Malignant 17 2.44 (2.01, 2.96)

Older group —4.447 <0.001
Benign 25 1.13 (1.04, 1.33)
Malignant 17 1.77 (1.32, 2.24)

P<0.05 is considered statistically significant.

Table 2 Difference however area ratio between benign and malignant masses in different age groups [M (P25, P75)]

Group Number of cases Contrast area ratio Z value P value
Benign -1.695 0.090
Younger group 29 1.27 (1.03, 1.63)
Older group 25 1.13 (1.04, 1.33)
Malignant -2.705 0.007
Younger group 17 2.44 (2.01, 2.96)
Older group 17 1.77 (1.32, 2.24)

P<0.05 is considered statistically significant.

right lesion. Twelve cases showed breast mass, 22 cases had
breast pain and 2 cases had nipple discharge. There were
34 cases of malignant mass, including 23 cases of invasive
ductal carcinoma, 9 cases of ductal carcinoma in situ,
1 case of invasive lobular carcinoma, and 1 case of mucinous
adenocarcinoma. There were 15 cases of left lesion and
19 cases of right lesion. Nine cases showed breast mass, 19
cases had breast pain and 3 cases had nipple discharge.

Comparison of the contrast area ratio between benign and
malignant masses in each group

The differences in the contrast area ratios of benign and
malignant masses among the general group, the younger
age group, and the older age group were statistically
significant (P<0.05) (1able 1).
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Comparison of contrast area ratios between benign and
malignant masses in different age groups

There was no statistically significant difference between
benign and malignant masses in different age groups
(P>0.05) when benign and malignant masses were compared
with age grouping. However, the contrast area ratio of
malignant masses in the younger age group was higher than
that in the older age group, with a statistically significant
difference (P<0.05) (Table 2).

ROC curve was used to evaluate the value of contrast area
ratio in the diagnosis of benign and malignant breast
masses in different groups

When the contrast area ratio was taken as the test variable,
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Figure 3 ROC curve of contrast area ratio for evaluating benign and malignant breast mass in each group. (A) The ROC curve of contrast
area ratio for evaluating benign and malignant masses in the general group; (B) the ROC curve of contrast area ratio for evaluating the
benign and malignant masses in the younger age group; (C) the ROC curve of contrast area ratio for evaluating the benign and malignant

masses in the older age group.

Table 3 The value of contrast area ratio in diagnosing benign and malignant breast masses in different groups is evaluated with ROC curve

95% confidence interval

Group AUC Standard deviation P value Cutoff for diagnosis
Lower limit Upper limit

General group 0.887 0.04 <0.001 0.819 0.955 1.65

Younger group 0.909 0.05 <0.001 0.821 0.996 1.95

Older group 0.908 0.04 <0.001 0.823 0.993 1.22
and the ROC curve was drawn with the pathological results 1.22 in the elder age group could significantly improve the
as the gold standard (Figure 3), the results showed the diagnostic sensitivity (P<0.05) (Figure 5). The specificity and
contrast area ratio had a specific value in the differential positive predictive value decreased slightly, and the negative
diagnosis of each group (Tuble 3). predictive value and diagnostic accuracy increased, but the

differences were not statistically significant (P>0.05).

The efficacy of pre- and post-adjusted cutoff value for
differentiating benign from malignant breast masses in Discussion

different age groups
Tumor size affects its clinical staging and is closely related

When 1.65 and 1.95 were respectively used as a cutoff to its prognosis, so early diagnosis of breast cancer is one

value for diagnosis in the younger age group, the diagnostic of the most important methods to reduce mortality and

efficacy was shown in Tuzble 4. Before and after the improve the prognosis (12). When the diameter of a solid
adjustment of the cutoff value for diagnosis, the differences tumor reaches 1-2 mm, tumor neovascularization can
in sensitivity, specificity, positive predictive value, negative be observed (13), and the morphology and distribution
predictive value, and accuracy were not statistically characteristics of tumor neovascularization are different (14).
significant (P>0.05) (Figure 4). When 1.65 and 1.22 were CEUS can clearly show the microvascular perfusion inside
respectively taken as the cutoff value for diagnosis in the and around the tumor. Relevant studies (8-10) suggested
elder age group, the diagnostic efficacy was shown in that the significantly increased range of tumor enhancement
Table 4. Reducing the cutoft value for diagnosis from 1.65 to after angiography may be an important indication for the
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prediction of malignancy. However, in clinical work, the
judgment of whether the enhanced range after angiography
is significantly increased is easily affected by subjective
factors and cannot be quantified, which brings difficulties
to the diagnosis. Therefore, a quantitative index is
urgently needed to reflect the changes objectively between
enhancement after angiography.

After the nodules were grouped and analyzed, it was
found that the contrast area ratio of the malignant tumor
was higher than a benign tumor, and the difference was
statistically significant. The difference is because benign
tumors have less neovascularization and more uniform
distribution. However, under the action of angiogenic
factors, malignant tumors have more neovascularization,
and most of these abnormal blood vessels are clustered at
the edge of the tumor body (15). Simultaneously, some
malignant tumors are often accompanied by intraductal
carcinoma or breast adenopathy, which is often challenging
to be shown by conventional ultrasound, but most of them
show enhancement during angiography (9,16). The results
showed that there was no significant difference, whereas the
area ratio between benign masses in different age groups.
However, in malignant tumors, the contrast area ratio of
the younger age group was significantly higher than the
older age group, which was consistent with relevant studies
(11,17). It may be related to the fact that the breast cancer
of the younger age group is usually poorly differentiated
and more aggressive to the surrounding tissues (18).

In this study, it was found that for the breast masses in
the older age group, appropriate reduction of the cutoff
value could significantly improve the diagnostic sensitivity
in evaluating benign and malignant breast masses with
the contrast area ratio of CEUS. When ROC analysis was
performed on the complete set of the data, the cutoff value
for the diagnosis of contrast area ratio was 1.65. When
ROC analysis was performed on the older age group alone,
the cutoff value for diagnosis was reduced to 1.22, and then
the diagnostic sensitivity increased from 58.8% to 94.1%.
Six malignant masses were misdiagnosed as benign masses
when the original cutoff value was applied and correctly
diagnosed as malignant masses when the new cutoff value
was applied.

The application of the adjusted cutoff value significantly
reduced the rate of missed diagnosis, but there were still
3 cases of malignant mass misdiagnosed as benign mass,
including 2 cases of ductal carcinoma 7z situ and 1 case of
invasive ductal carcinoma. Liberman er a/. (19) proposed
that some ductal carcinoma i situ of low-level could rely

© Gland Surgery. All rights reserved.

1491

on healthy peripheral blood vessels to provide necessary
nutrients at the early stages of the lesion without being
accompanied by the formation of abnormal peripheral
blood vessels. Simultaneously, for some malignant tumors,
the immune system of the body can produce dynamic
changes of reverse infiltration, forming an immune response
zone around the lesion and inhibiting the formation of
peripheral microvessels to a certain extent (20). In benign
lesions, adenopathy and intraductal papilloma are more
challenging, distinguishing, and prone to false positive.
Breast adenopathy often shows lobular acinar hyperplasia
accompanied by stromal hyperplasia. However, due to some
target cells more sensitive to hormones, hyperplasia can
appear in nodules under the action of hormones. Therefore,
we hypothesize that “breast nodule” is only the apparent
hyperplasia area observed by conventional ultrasound.
Conventional ultrasonography often enhances ultrasound.
Adenosis is often enhanced in CEUS. In the misdiagnosed
intraductal papilloma, local atypical hyperplasia
accompanies some cases. Jaffe ez a/. (21) considered that the
ductal wall could be involved when the atypical hyperplasia
was extended, resulting in the enlargement of the area after
angiography.

At present, most of the study only requires a simple
qualitative description of whether the enhanced range is
significantly increased after angiography, and there are few
reports on the quantitative study of the increased range. In
this study, the value of CEUS area ratio in the differential
diagnosis of small breast masses was analyzed, and the
patients of different ages were further discussed in groups.
Together, this study also has the following limitations:
(I) the surgeons did not outline the edges of nodules the
same during angiographic analysis. Deviation still existed,
although the mean value was taken; (II) the results should
be interpreted with caution due to the nature of the
retrospective data and the relatively small sample size in the
present study. Prospective studies with more cases should be
carried out for verification and further quantification of the
contrast-enhanced ultrasound area ratio in the predicting
of malignancy; (III) because the number of cases of non-
invasive cancer was limited, the subdivision might lead to
the incredibility of the study results. Therefore, further
grouping discussion of malignant tumors, according to
pathological types, was not conducted.

To sum up, the contrast-enhanced ultrasonography area
ratio in the differential diagnosis of benign and malignant
breast small masses has specific application value. With
1.65 as the cutoff value, higher diagnostic efficiency can be
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Table 4 The efficacy of pre- and post-adjusted cutoff value for differentiating benign from malignant breast masses in different age groups (cases %)

Group Cutoff value Sensitivity Specificity Pos. value Neg. value Precision
Younger group 1.65 88.2 (15/17) 86.2 (25/29) 78.9 (15/19) 92.6 (25/27) 87 (40/46)
1.95 88.2 (15/17) 89.7 (26/29) 83.3 (15/18) 92.9 (26/28) 89.1 (41/46)
Older group 1.65 58.8 (10/17) 92 (23/25) 83.3 (10/12) 76.6 (23/30) 78.6 (33/42)
1.22 94.1 (16/17) 72 (18/25) 69.6 (16/23) 94.7 (18/19) 81 (34/42)

pos. value, positive predicative value; neg. value, negative predicative value.
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Figure 4 Benign breast mass was correctly assessed in a young patient before and after adjustment of the cutoff value. It came from a
28-year-old female patient. (A) Ultrasonography showed a hypoechoic mass in the left breast, the maximum diameter of the mass was 0.9 cm
under conventional ultrasound, contrast area ratio =1.38; (B) pathological examination showed fibroadenoma (arrows) (HE x40). When the
cutoff value for diagnosis was 1.65, the mass was assessed as benign mass, and when the cutoff value for diagnosis was increased to 1.95, the

mass was still diagnosed as benign mass.

Figure 5 A malignant breast mass is correctly diagnosed in an old patient with a reduced cutoff value. It came from a 53-year-old female
patient. (A) Ultrasonography showed a hypoechoic mass in the left breast, the maximum diameter of the mass was 0.6 cm under conventional
ultrasound, contrast area ratio =1.52; (B) pathological examination showed ductal carcinoma iz siru (arrows) (HE x40). When the cutoff
value for diagnosis was 1.65, the mass was misjudged as a benign mass, but when the cutoff value for diagnosis was lowered to 1.22, the mass

was correctly diagnosed as malignant mass.
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obtained. When the cutoff value is reduced from 1.65 to 1.22
in elderly patients, the diagnostic sensitivity can be further
improved without a significant reduction in specificity. Since
the morphology and distribution of neovascularization
in benign and malignant small breast masses overlap to a
certain extent, in the differential diagnosis, a comprehensive
evaluation should be performed by combining the medical
history and other imaging methods, and the ultrasound-
guided biopsy should be done when necessary to confirm
the diagnosis.
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