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PURPOSE

To determine whether the primary tumor features derived from conventional ultrasound (US) and
contrast-enhanced US (CEUS) facilitate the prediction of positive axillary lymph nodes (ALNs) in
breast cancer diagnosed as Breast Imaging Reporting and Data System (BI-RADS) category 4.

METHODS

A total of 240 women with breast cancer who underwent preoperative conventional US, strain elas-
tography, and CEUS between September 2016 and December 2019 were included. The multiple
parameters of the primary tumor were obtained, and univariate and multivariate analyses were
performed to predict positive ALNs. Then three prediction models (conventional US features, CEUS
features, and the combined features) were developed, and the diagnostic performance was evalu-
ated with receiver operating characteristic curves.

RESULTS

On conventional US, the traits of large size and the non-circumscribed margin of the primary tumor
were marked as two independent predictors. On CEUS, the features of vessel perforation or distor-
tion and the enhanced range of the primary tumor were marked as two independent predictors for
positive ALNs. Three prediction models were then developed: model A (conventional US features),
model B (CEUS features), and model C (model A plus B). Model C yielded the highest area under the
curve (AUC) of 0.82 [95% confidence interval (Cl), 0.75-0.88] compared with model A (AUC 0.74;
95% Cl,0.68-0.81; P=0.008) and model B (AUC 0.72; 95% Cl, 0.65-0.80; P < 0.001) as per the DeLong
test.

CONCLUSION

CEUS, as a non-invasive examination technique, can be used to predict ALN metastasis. Combining
conventional US and CEUS may produce favorable predictive accuracy for positive ALNs in BI-RADS
category 4 breast cancer.

KEYWORDS
Conventional ultrasound, contrast enhanced ultrasound, BI-RADS category, breast cancer, axillary
lymph node metastasis

dvancements in ultrasound (US) equipment have significantly increased the value of
US in breast imaging. Especially in routine breast screening among women aged <50
years old, the application of US in the detection of mammographically occult masses
has considerably increased.! The Breast Imaging Reporting and Data System (BI-RADS) by
the American College of Radiology (ACR) is a comprehensive and normative quality control
tool that was designed to standardize reporting and reduce confusion over breast imaging in-
terpretations and management recommendations and enhance the US monitoring outcome.
In 2013, the fifth edition of the BI-RADS US lexicon was published with a seven-category BI-
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RADS classification system from 0 to 6, which
has reinforced the standardization of breast
lesion characterization with US.* Despite the
advances in equipment and US physician
experience, BI-RADS category 4 remains
an issue of concern.® Category 4 has a wide
range of malignant probabilities, from 2% to
95%,*¢ and covers sufficiently suspicious le-
sions without typical malignant features, for
which a biopsy is recommended. In addition,
the presence or absence of regional positive
lymph nodes (LN) is critical to the staging,
treatment, and prognosis of breast cancer.
It is considered significant to the preopera-
tive identification of positive axillary lymph
nodes (ALNs) in BI-RADS category 4 malig-
nant lesions so as to facilitate clinical deci-
sion making on patient management.

In the past decade, the clinical use of con-
trast-enhanced US (CEUS) has expanded re-
search on its application.”® CEUS can provide
more information about microvasculature
and hemodynamics than US.*™" Distinguish-
ing malignant and benign breast lesions by
CEUS alone or incorporating the BI-RADS
with CEUS has been extensively approved.'?
These studies demonstrate that CEUS or
US+CEUS has better diagnostic perfor-
mance than US alone in differentiating breast
lesions, and particularly, US+ CEUS has a low
negative likelihood ratio.”' Several studies
have shown that the US characteristics of pri-
mary breast cancer are closely related to ALN
metastasis and may more accurately predict
the status of preoperative clinical LNs.'®'®
However, relevant literature rarely exists to
report whether CEUS is useful for detecting
positive ALNs in suspicious breast cancer le-
sions of BI-RADS category 4.

Hence, in this study, we aimed to investi-
gate whether CEUS tumor features may help
predict positive ALNs in breast cancer diag-
nosed as BI-RADS category 4 and probe the
role of CEUS in increasing diagnostic perfor-
mance.

Methods

The protocol of this study was approved
by the Ethics Committee of The First Affili-

* Larger size and a non-circumscribed margin
are positive axillary lymph node (ALN) pre-
dictors on conventional ultrasound (US).

* Distortion of vessels and enhancement
range are important predictive factors for
ALNSs on contrast-enhanced US (CEUS).

* Combining conventional US and CEUS can
help predict positive ALNSs.

ated Hospital of Nanjing Medical University,
and written informed consent was waived
due to the retrospective nature of the study.
From the breast US database, a total of 1036
breast US examinations were performed be-
tween September 2016 and December 2019
in our institution.

Subjects and lesions

We searched our breastimaging US report
database for findings classified as BI-RADS
category 4, regardless of clinical data or ad-
ditional imaging studies. These detections
were performed by L.C.Y. owing to more than
20 years of experience in breast US. Patients
were included if one or more suspicious le-
sions were considered as BI-RADS category
4. Patients were excluded if (1) their lesions
manifested as non-mass-like types, which
mainly refers to the ductal hypoechoic area,
non-ductal hypoechoic area, a vague area of
altered echotexture with associated archi-
tectural distortion and indistinct hypoecho-
ic area with associated posterior acoustic
shadowing; (2) their pathologic results
were benign; (3) their lesions underwent
radiotherapy and chemotherapy before US
examination; (4) they did not undergo any
pathologic evaluation or adequate location
correspondence between their US findings
and the pathologic description in our online
database; (5) they had not performed any
US and CEUS examination; and (6) they had
been multifocal on the US.

The reviewers found 944 suspicious le-
sionsin 840 patients. Among them, 36 lesions
did not have available pathologic results, 85
were confirmed to be benign, 20 could not
accord certain location with the final pathol-
ogy, 95 showed non-mass-like lesions, 26
underwent radiotherapy and chemothera-
py, 430 lacked CEUS results, and 12 showed
more than one lesion. These lesions detailed
above were excluded from the study. Finally,
our study group comprised of 240 lesions,
which were subjected to conventional US
and CEUS. The diagram of the selection of
the study population is shown in Figure 1.

Conventional ultrasound and CEUS on pri-
mary tumors

US equipment (MyLab, Twice, ESAOTE
S.p.A. ltaly) with a linear 4-13 MHz probe
(LA523) was introduced for routine US exam-
ination, and the images of each lesion were
recorded in at least two coordinate planes.
Deviations in the description and evaluation
of the US images were prevented by em-
ploying a single professional doctor (C.Y.L.)
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who had more than 20 years of experience
in breast US. The doctor was blinded to other
imaging examinations, such as mammog-
raphy and magnetic resonance imaging. A
junior doctor recorded the reports. The US
features of grayscale were described accord-
ing to the ACR US-BI-RADS standard descrip-
tors.” The classifications of color Doppler?®?'
and strain elastography*?2* are presented in
the form of figures (Figures 2, 3). Masses with
characteristics such as growth not parallel to
the skin or posterior echo attenuation were
considered minor suspicion. Intermediate
suspicion was defined as having a rich blood
supply accompanied by a peak systolic ve-
locity (PSV) of =20 cm/s or resistance index
(Rl) of =0.7 or having high elasticity scores
(scores 4 and 5) or strain ratio characteristics.
Masses with irregular morphology, non-cir-
cumscribed margins, or inner microcalcifi-
cation characteristics were defined as signif-
icant suspicion. Lesions with minor findings
associated with one intermediate descriptor
were classified as BI-RADS category 4A. Le-
sions with one significant and one minor or
intermediate characteristic or two intermedi-
ate characteristics were considered BI-RADS
4B. Lesions with one significant and at least
two intermediate suspicious findings or two
significant suspicious findings were consid-
ered BI-RADS 4C.

After a grayscale US examination, CEUS
was performed in a timely manner by using
an US system (MyLab Twice, ESAOTE S.p.A., It-
aly) at 3-9 MHz linear probe (LA522) frequen-
cies. CEUS examination was also performed
by C.Y.L. Low mechanical index values were
applied (<0.2) to reduce the destruction of
the contrast agent. The microbubbles (Son-
oVue™ BRACCO Imaging, S.p.A, Milan, ltaly)
that were used as a contrast agent were re-
constituted with 5 mL of saline (NaCl 0.9%).
The contrast agent with 2.4 mL of SonoVue
was injected intravenously into an elbow
vein according to the manufacturer’s instruc-
tions at the start of the built-in timer of the
US instrument. The US contrast process was
continuously recorded in the original data
format into the hard disk of the instrument
instantly. The enhanced morphological fea-
tures were then analyzed, and the quanti-
tative parameters of the lesions and normal
tissues were assessed with quantification
software (QontraXt, AMID and Bracco, Milan,
Italy) on the basis of a region of interest over
the maximum signal intensity zones. The
contrast enhancement pattern of the lesion
and the migration and distribution of mi-
crobubbles was observed dynamically. The
enhancement degree of the lesion was com-
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Patients undergoing breast ultrasound examination in Septem ber
2016 and December 2019
(n=1036)

Excluding patients without BI-RADS

o
category 4 by breast US (n=196)

A 4

Lesions of 840 patients with BI-RADS category 4 by breast US
(n=944)

Excluded for the following reason :

- Showed multifocal lesions on US (n=12)

- Showed non-mass-like lesions on US (n=95)

- Confirmed benign lesions in final pathology (n=85)

—> - Underwent radiotherapy and chemotherapy (n=38)

- Lack of available pathologic results (n=36)

- Some lesions’ location observed on US not accordant
with the final pathology (n=20)

- Lack of contrast-enhanced US at our institution (n=430)

y

Achieve data of lesions pathologically confirmed breast cancer
underwent US and CEUS enrolled in this retrospective study
(n=240)

¢ A 4 ‘

BI-RADS 4A lesions BI-RADS 4B lesions BI-RADS 4C lesions
@=37) 0=72) (n=131)

| |
. !

Positive ALNs Negative ALNs
(0=73) (0n=167)

Figure 1. Flowchart illustrating the selection of the study population. US, ultrasound; CEUS, contrast-
enhanced US; ALN, axillary lymph node; BI-RADS, Breast Imaging Reporting and Data System.

Figure 2. Images of Adler blood flow classification: (a) grade 0 mapped no color flow signals in the solid breast
mass; (b) grade | revealed minimal blood flow signals and mapped punctate color flow; (c) grade Il revealed
moderate blood flow signals and mapped more punctate color flow than grade | or visualized one thick vessel
(the diameter of the largest vessel was between 2 and 3 mm) penetrating through the solid breast mass; (d)
grade lll revealed marked blood flow signals and mapped more punctate color flow than grade Il or visualized
equal or more than two thick vessels interwoven with each other in the solid breast mass.

pared with that of the surrounding breast
tissue, including no or iso-enhancement,
hypo-enhancement, medium or moderate
enhancement, and hyperenhancement.?2¢
Enhancement patterns were characterized
as entire or segmental, punctate, linear, or
rim enhancements after the administration
of the contrast medium.” Lesion boundar-
ies were characterized as clear or blurred if
most of its circumference (>50%) was clear-
ly or poorly visible after contrast agent ad-
ministration, respectively. Enhancement
morphology was defined as regular or irreg-
ular. The presence or absence of perfusion
defects and radial penetrating vessels de-
pended on the surrounding tissue toward
the lesion. The enhancement order of the
lesion was as follows: centripetal enhance-
ment was defined as enhancement from
the lesion’s periphery towards its center;
centrifugal enhancement was defined as be-
ginning from the lesion’s center towards its
periphery; and diffusion enhancement was
manifested as enhancement simultaneously
deriving between the lesion’s periphery and
center.?® The time-intensity curve (TIC) was
defined as slow-in and slow-out, slow-in and
fast-out, fast-in and slow-out, and fast-in and
fast-out according to the tracing pattern.
The quantitative parameters derived from
theTICincluded: (a) peak intensity (%) calcu-
lated by the fraction [(postcontrast intensi-
ty—precontrast intensity)/precontrast inten-
sity] X 100%; (b) time to peak (s) defined as
the time that elapses between the moment
when the contrast medium first reaches the
lesion and the time of maximum signal in-
tensity after contrast medium administra-
tion; (c) enhancement range was defined as
a lesion extent enlarged compared with the
conventional US; (d) enhancement area as
>50% or <50%; and (e) area under the curve
(AUC) the TIC.

Model development and classification

The multivariable regression analysis
with forward elimination was performed
with variables that had P values of less than
0.050 on univariate analysis, and three sce-
nario models were developed: (1) model
A (conventional US features); (2) model B
(CEUS features); and (3) model C (model A
plus model B). Receiver operating character-
istic (ROC) curves were used to evaluate the
discriminatory efficiency of the models. The
comparison of the models was assessed us-
ing the DelLong test.
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Statistical analysis

The data analyzed included the age of the
subjects, lesion size, stratification derived
from US imaging characteristics (BI-RADS
category 4A, 4B, or 4C), CEUS character-
istics, and categorized pathologic results.
Statistical analysis was conducted using the
software packages SPSS v25.0 and MedCalc
v12.7. Continuous data were compared
with the independent t-test as appropriate,
and variables with abnormal or non-normal
distribution were analyzed by the Mann-
Whitney U test. Categorical variables were
compared using Fisher’s exact test or the
Pearson chi-square test. Then, multivariate
logistic regression analyses were introduced
to determine the most valuable variables for
identifying positive LNs through convention-
al US and CEUS. Multiple ROC curves were
drawn to illustrate and compare the value of
identified risk variables in the prediction of
a positive LN. ALN prediction capacity was
assessed by the AUC, sensitivity, and speci-
ficity, and the comparison of the models was
evaluated using the DeLong test. A P value of
<0.05 was considered to illustrate a statisti-
cally significant difference.

Results

A detailed list of lesion descriptors strati-
fied in accordance with the estimated malig-
nancy risk in BI-RADS category 4 is shown in
Table 1. The most common breast cancer in
this study was infiltrative ductal carcinoma,
which was found in 183 of 240 malignant pa-
tients (76.1%), followed by ductal carcinoma
in situ in 34 of 240 patients (14.2%). Increased
histological grades of 2 or 3 and positive ALN
rates were found in BI-RADS 4C, then 4B, and
lastly, 4A. Table 2 shows the age, pathological
types, histological grades, and positive LN re-
sults in groups 4A, 4B, and 4C.

Univariate analyses are presented in Table
3 regarding the US and CEUS descriptors for
predicting positive LNs. In the conventional
US features, the univariate analyses showed
that lesion size, margin, blood flow, PSV, Rl,
posterior echo, and BI-RADS category were
associated with positive ALNs (P < 0.05). In
the CEUS features, vessel perforation or dis-
tortion, enhancement range, and TIC curves
were significantly different between posi-
tive and negative groups (P < 0.05). Among
the multivariate analyses (Table 4), lesion
size [odds ratio (OR), 1.11; 95% confidence
interval (Cl), 1.06-1.64], margin (OR, 3.39;
95% Cl, 1.75-6.57), perforation or distor-
tion vessels (OR, 3.94; 95% Cl, 2.04-7.63),
and enhancement range (OR, 0.28; 95% Cl,

0.15-0.55) were the most important factors
to distinguish positive ALNs (P <0.001). These
imaging features of the tumor are shown
in Figures 4 and 5. The ROC curves (Figure
6) showed that model C yielded the better
AUC of 0.82 (95% Cl, 0.75-0.88) than model
A (AUC, 0.74; 95% Cl, 0.68-0.81) and model
B (AUC, 0.72; 95% Cl, 0.65-0.80). Model C
yielded optimal diagnostic performance in
predicting positive ALN compared with the
other two models (both P < 0.05, as per the
Delong test). The sensitivity of model A, B,
and C were 67.1%, 41.1%, and 80.8%, respec-
tively, while the specificity was 73.1%, 92.2%,
and 72.9%, respectively.

Discussion

The present study identified that the traits
of larger size and non-circumscribed margin
are marked as two independent predictors
for positive ALNs on conventional US. We
also found that vessel perforation or distor-
tion and a conspicuous TIC curve are the
other two important predictive factors for
positive ALNs on CEUS. ROC curve compar-
ison showed that the performance of the
combined conventional US and CEUS is bet-
ter than the performance of each alone. On
conventional US, an excellent relationship
was established between the primary tumor
size and the prevalence of positive ALNs in
this study. Sopik and Narod?* demonstrated
there was a clear linear correlation between
tumor size and metastasis for breast cancers
about 7 and 60 mm in size. Akissue de Cam-
argo Teixeira et al.*® agreed that tumor size
could be taken as a traditional predictor of
ALN status. The average pre-surgical tumor
size was 3.3 £ 2.1 cm in patients with LN me-
tastasis and 2.5 £ 1.4 cm in patients without
metastasis.*® These findings are consistent
with our results. Cancer cells inside the tu-
mor spread, survive, and then pervade to re-
gional LNs and further to other distant sites.*'
Therefore, more cancer cells are available in
a larger-sized tumor to metastasize. Tseng
et al3? proved that tumor size was closely
relevant to lymphovascular invasion, which
was confirmed to be the standard of LN me-
tastasis pathology and consequently closely
connected with positive ALNSs. In this study,
invasive ductal carcinoma also dominated,
which indicated the remarkable significance
of the maximum diameter of the tumor in
predicting positive ALNs.

In addition, the non-circumscribed mar-
gin was identically correlated with positive
ALNSs. Costantini et al.** pointed out that so-
nographic signs, such as margin burrs and
angular and microlobulated margins, are
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important factors for biological behaviors
associated with metastatic pervasion. The
unevenness of the tumor margin indicates
a high possibility of invasive growth with a
malignant tendency. In breast cancer with
high aggressiveness and tumor burden, car-
cinoma cells can infiltrate the surrounding
tissues, lymphatic vessels, and blood vessels
at different growth speeds, resulting in a
non-smooth tumor margin."”

Through CEUS examination, we found
that vessel perforation or distortion is im-
portant to the prediction of positive ALNs.
A malignant tumor has vascular contortions
because its blood vessels cannot maintain
their regular shapes during the rapid growth
of the lesions.”? Santamaria et al.** demon-
strated that tumor arteries detected by color
Doppler and sonographic tumor size were
an independent predictor of ALN status. Yu
et al.* demonstrated that perforating ves-
sels are also a risk factor of LN metastasis in
patients suffering from small breast cancer.
These findings almost matched our results
showing that vessel perforation or distor-
tion is strongly linked with positive ALNs in
patients with small breast cancer (maximum
diameter <2.0 cm) and also bounded with
breast carcinoma in the T2 stage (2.0 cm <
maximum diameter <5.0 cm) dominating
in this study. This finding could explain why
large tumors with abundant blood supply
are usually accompanied by thick vessels.

Furthermore, this study also discovered
the perfusion pattern of the fast-in and
fast-out pattern as the only quantitative pa-
rameter for identifying positive ALNs with a
significant difference. This finding was con-
sistent with the report of Wang et al.*, which
revealed that the perfusion performance
of the peripheral region of breast cancer is
characterized by hyperechoic enhancement
and fast-in and fast-out patterns. The shape
of the dynamic enhancement curve is relat-
ed to the microscopic characteristics of the
main components of poorly differentiated
tumors, which are scattered malignant vas-
cular endothelial cells.>”38 The lack of capil-
lary networks and incomplete cavities result-
ed in the rapid flushing of the contrast agent.
Such features thereby influence the ALN
status through the hemodynamic principle.*®

Regarding the correlation between qual-
itative and quantitative CEUS characteristics
and pathological prognostic factors in pa-
tients with breast cancer, Vraka et al.?’ sug-
gested that the qualitative assessment of the
enhancement pattern is better than quanti-
tative assessment for differentiating malig-
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Figure 3. Images of elasticity classification: (a) score 1: the entire lesion or nearly the entire lesion was green, and the elastic strain ratio was <2.5; (b) score 2: the focus
was red in the center and homogeneous elasticity in the periphery, and the elastic strain ratio was <2.5; (c) score 3: the proportions of green and red in the range of
lesion were the same, and the elastic strain ratio was <2.5; (d) score 4: the entire lesion was red or little green was found inside the lesion, and the elastic strain ratio
was >2.5; (e) score 5: the lesion and surrounding tissues were all shown in red, with or without green in the inner part, and the elastic strain ratio was far beyond 2.5.

Table 1. Lesion descriptors stratified in accordance with the estimated malignancy risk

Minor

Intermediate

Major

Non-parallel to skin

Posterior echo attenuation

Adler blood flow grade: 2 or 3

PSV =20 cm/s
RI =0.7
Elastic score: 4 or 5

Elastic strain ratio: >2.5

Larger tumor size
Irregular shape
Non-circumscribed margin

Microcalcification

PSV, peak systolic velocity; Rl resistance index.

Table 2. Source of clinical and pathological materials

BI-RADS 4A 4B 4C
Age 49.55 +11.89 49.38 +£11.53 51.73+11.67
Pathology types
Invasive ductal carcinoma 17 (7.2%) 50 (20.9%) 115 (48.0%)
Ductal carcinoma in situ 12 (5.0%) 13 (5.4%) 9 (3.8%)
Mucinous carcinoma 5(2.1%) 4 (1.7%) 3(1.3%)
Papillary carcinoma 3(1.1%) 4 (1.5%) 1 (0.4%)
Others 1(0.4%) 2 (0.8%) 1(0.4%)
Histological grades
1 3 (1.4%) 2 (0.9%) 3(1.2%)
2 14 (5.8%) 34 (14.1%) 60 (24.9%)
3 16 (6.8%) 36 (14.8%) 53 (22.1%)
Unknown 19 (8.0%)
ALNs
Negative 33 (13.8%) 53 (22.0%) 81 (33.8%)
Positive 4 (1.7%) 19 (7.9%) 50 (20.8%)

ALN, axillary lymph node; BI-RADS, Breast Imaging Reporting and Data System.

Tumor features derived from US and CEUS predict ALNs status « 473



Table 3. Univariate analysis of conventional ultrasound, elastography, and CEUS for the prediction of positive ALNs in BI-RADS category 4 lesions

Descriptors Negative ALNs Positive ALNs Pvalue
(n=167), n (%) (n=73), n (%)

Conventional US plus elastography

Size (mm) 21.21+£7.19 25.78 +5.83 <0.001*
Regular 49 (29.3) 19 (26.0)

Shape 0.600
Irregular 118 (70.7) 54 (74.0)
Circumscribed 80 (47.9) 18 (24.7)

Margin 0.001*
Non-circumscribed 87 (52.1) 55(75.3)
Parallel 88 (52.7) 35 (47.9)

Orientation 0.498
Non-parallel 79 (47.3) 38 (52.1)
Unaltered or enhanced 157 (94.0) 63 (86.3)

Posterior echo 0.047*
Attenuation 10 (6.0) 10(13.7)
Without 124 (74.3) 59 (80.8)

Micro-calcification 0.271
With 43 (25.7) 14 (19.2)
<0.7 94 (56.3) 30(41.1)

RI 0.030*
>0.7 73 (43.7) 43 (58.9)
Score 1-2 18(10.8) 7 (9.6)

Elastic Score 3-4 133 (79.6) 58 (79.5) 0.920
Score 5 16 (9.6) 8(10.9)
Grade 0-1 47 (28.1) 15 (20.5)

Adler blood flow 0.216
Grade lI-l1I 120 (71.9) 58 (79.5)
4A 33(19.8) 4(5.5)

BI-RADS category 4B 53(31.7) 19 (26.0) 0.004*
4C 81 (48.5) 50 (68.5)

PSV (cm/s) 11.86 £3.46 12.94 +4.08 0.036*

Elastic strain ratio 2.15+0.38 2.10+0.34 0.362

Contrast-enhanced US
Distinct 86 (51.5) 40 (54.8)

Enhancement boundary 0.638
Indistinct 81 (48.5) 33 (45.2)
Regular 41 (24.6) 18 (24.7)

Enhancement morphology 0.986
Irregular 126 (81.4) 55(75.3)
Iso- or no enhancement 8 (4.8) 2(2.7)
Hypo-enhancement 19(11.4) 10(13.7)

Enhancement degree 0.622
Moderate enhancement 10 (6.0) 7 (9.6)
Hyper-enhancement 130 (77.8) 54 (74.0)
Entire 100 (59.9) 47 (63.4)

Enhancement pattern Segmental 39 (23.3) 19 (26.0) 0.348
Others 28 (16.8) 7 (9.6)
Centripetal 129 (77.2) 55(75.3)

Enhancement order Centrifugal 34 (20.4) 16 (21.9) 0.955
Diffuse 4(2.4) 2(2.7)
Without 97 (58.1) 35 (47.9)

Perfusion defects 0.146
With 70 (41.9) 38 (52.1)

. . . Without 116 (69.5) 27 (37.0) <0.001*
Perforation or distortion vessels With 51 (30.5) 46 (63.0)
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Table 3. Continues

Descriptors Negative ALNs Positive ALNs P value
(n=167), n (%) (n=73),n (%)
<50% 24 (14.4) 12 (16.4)
Enhancement area 0.680
>50% 143 (85.6) 61 (83.6)
None 111 (66.5) 28 (38.4)
Enhancement range <0.001*
Enlarged 56 (33.5) 45 (61.6)
Peak intensity - 50.35+3.49 50.96 + 3.77 0.229
TTP - 56.27 £ 6.43 57.06 £6.71 0.396
AUC - 5.14 +3.05 524 +2.40 0.793
Slow-in and slow-out 71 (42.5) 19 (26.0)
Slow-in and fast-out 29(17.4) 5(6.9)
TIC curve <0.001*
Fast-in and slow-out 46 (27.5) 12(16.4)
Fast-in and fast-out 21 (12.6) 37 (50.7)

P value is derived from the univariate association analyses between each of the variables and ALN status. *P value of <0.05. ALN, axillary lymph node; PSV, peak systolic velocity;
RI, resistance index; TTP, time to peak; AUC, area under the curve; TIC, time-intensity curve; BI-RADS, Breast Imaging Reporting and Data System; CEUS, contrast-enhanced

ultrasound.

Table 4. Multivariate analysis of the comparison between conventional ultrasound and CEUS for predicting positive ALNs in BI-RADS

category 4 lesions

Characteristics Odds ratio 95% confidence Interval Pvalue
Size 1.110 1.061-1.161 <0.001
Margin
Circumscribed Reference
Non-circumscribed 3.393 1.752-6.570 <0.001
Perforation or distortion vessels

Without Reference

With 3.941 2.037-7.625 <0.001
Enhancement range

None Reference

Enlarged 0.283 0.146-0.550 <0.001
TIC curve
Slow-in and slow-out Reference
Slow-in and fast-out 0.741 0.239-2.301 0.604
Fast-in and slow-out 1.222 0.507-2.942 0.655
Fast-in and fast-out 7.092 3.142-16.010 <0.001

TIC, time-intensity curve; CEUS, contrast-enhanced ultrasound; ALN, axillary lymph node; BI-RADS, Breast Imaging Reporting and Data System.

nant lesions. Wang et al.** also demonstrated
that qualitative parameters significantly im-
prove the performance of CEUS in the dis-
tinction of benign and malignant breast le-
sions, which is clinically promising. Our study
showed similar results and demonstrated the
positive role of CEUS, especially its qualitative
parameters, for the differentiation of positive
ALNs in BI-RADS category 4 malignant breast
lesions. The superiority of qualitative CEUS
parameters lies in the fact that the reviewer’s
experience could rectify probable techno-
logical errors, which could not be achieved
in quantitative parameters. In addition, some
uncontrolled factors, such as patient respi-
ration movements and a preselected inter-

est area by the CEUS performer, can impact
the quantitative parameters’ evaluation of
the received images during video recording.
Meanwhile, quantitative parameters were
created by an offline workstation, which
is another technological restriction. Thus,
further studies regarding more advanced
equipment and optimized software need to
be performed in this field to improve the ac-
curacy of CEUS.

Three predictive models based on con-
ventional US features (model A), CEUS fea-
tures (model B), and the combined model
A + B (model C) were then constructed and
compared. Model C illustrated significant

improvement in diagnostic accuracy and
model fit in predicting positive ALNs. The
multivariate-based combination model can
be extracted to reveal tumor microvascular
imaging and to evaluate the comprehensive
characterization of underlying malignant tu-
mor signs. This model plays a potential role
in avoiding subject diagnosis. Tumors with
nodal metastasis have completely different
grayscale ultrasonic, color Doppler, and in-
ternal construction enhancement charac-
teristics. The four best-performing combina-
tion features were tumor size, margin, vessel
perforation or distortion, and TIC curve. Dis-
criminating positive ALNs by using a single
sonography factor is difficult. The incorpora-
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Figure 4. Images of a 53-year-old female diagnosed with invasive ductal carcinoma in the right breast:
(a) tumor with a maximum diameter of 1.7 cm showed a circumscribed margin on the conventional ultrasound
(thin arrow), and no suspicious axillary lymph node was observed; (b) tumor with an extended range of 2.1 cm
showed an unclear boundary (thick arrow) and vessel perforation entering from surrounding tissue into the
mass (fine arrow). One-node macrometastasis was found in the final pathological results.

!

Figure 5.Images of a 55-year-old female diagnosed with invasive ductal carcinoma in the right breast: (a) tumor
with a maximum diameter of 2.0 cm showed a non-circumscribed margin on the conventional ultrasound (thin
arrow), and no suspicious axillary lymph node was present; (b) tumor with an extended range of 2.6 cm showed
a clear boundary, and vessel perforation (thick arrow) in surrounding tissue or mass was absent. Non-node
metastasis was found in the final pathological results.
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Figure 6. Receiver operating characteristic curves using the three different diagnostic models of differentiating

non-metastatic and metastatic groups: model A, conventional ultrasound (US) model; model B, contrast-
enhanced US (CEUS model; model C, conventional US plus CEUS model.
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tion of multiple factors can provide a com-
prehensive and robust approach. The mul-
tivariate-based combination model, which
can discriminate positive ALNs from negative
ones, showed significant improvement com-
pared with models A or B alone.

We acknowledge several limitations of
our study. First, patient selection bias may
exist because of its retrospective nature. Sec-
ond, the data applied in our study are from
a single institution. Thus, our findings lack a
general and robust assessment. Therefore,
a rigorous analysis should be planned with
data from a larger number of patients col-
lected from more institutions in different
areas. Third, the external validation of differ-
ent races or populations was absent because
of the relatively small single sample size of
CEUS. Fourth, intra- and inter-observer reli-
ability was not evaluated in this study.

In conclusion, the combination of con-
ventional US and CEUS could facilitate in-
creasing diagnostic performance during the
prediction of positive ALNs in BI-RADS cate-
gory 4 breast cancer lesions. Therefore, our
predictive model may also facilitate clinical
decision making and potentially improve
the diagnostic performance of the selected
patients.
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