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Background: The status of the axillary lymph node (ALN) in patients with breast cancer can critically inform
clinical decision-making and prognosis. Preoperative evaluation of limited nodal burden (0-2 metastatic ALNs)
and high nodal burden (>3 metastatic ALNG) is vital for individual treatment in patients with breast cancer.
Thus, this study aimed to evaluate the value of Angio-PLUS (AP; Aixplorer, SuperSonic Imagine) and the
qualitative and quantitative shear-wave elastography (SWE) of breast lesions to predict limited or high axillary
nodal burden and to develop a model for predicting limited or high axillary nodal burden.

Methods: From March 2020 to November 2022, a total of 232 consecutive patients with breast cancer
comprising 232 breast lesions were enrolled retrospectively from Yueyang Central Hospital. The sensitivity,
specificity, negative predictive value (NPV), positive predictive value (PPV), accuracy, and area under the
receiver operating characteristic curve (AUC) of AP, qualitative SWE, quantitative SWE, and the predictive
model for evaluating limited or high axillary nodal burden were compared.

Results: There was no significant difference in AP patterns between the limited nodal burden group and
high nodal burden group. The best cutoff values of Emin (the minimal value of the first Q-box), Emean (the
mean value of the first Q-box), Emax (the maximum value of the first Q-box), Eratio (ratio of the first Q-Box
and the second Q-Box) and standard deviation for predicting limited or high nodal burden were 80.85 KPa,
133.45 KPa, 153.40 KPa, 9.95, and 19.25 KPa, respectively. The Emax had the highest AUC, and its
sensitivity, specificity, PPV, NPV, accuracy, and AUC were 71.64%, 56.36%, 40.00%, 83.04%, 60.78%,
and 0.640 [95% confidence interval (CI): 0.575-0.702], respectively. The sensitivity, specificity, PPV, NPV,
accuracy, and AUC of seven color patterns for qualitative SWE were 71.64%, 74.55%, 53.33%, 86.62%,
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73.71%, and 0.731 (95% CI: 0.669-0.787), respectively, which was significantly higher than all the other
quantitative SWE parameters. ALN evaluation in ultrasound and qualitative SWE were independent risk
factors for predicting limited or high nodal burden according to a binary logistics regression analysis. The
AUC of the predictive model based on independent risk factors was 0.820 (95% CI: 0.765-0.867), which was
significantly higher than that of the other independent risk factors.

Conclusions: The seven color patterns in the qualitative SWE of breast lesions were valuable for
predicting limited or high nodal burden for patients with breast cancer. Compared with quantitative SWE,
qualitative SWE exhibited a better diagnostic performance. Breast lesions present no findings, vertical
stripes, and spot patterns were important indicators for limited nodal burden. The predictive model
developed in this study could be a simple, noninvasive, and convenient method for predicting limited or high
nodal burden, which would be beneficial for clinical decision-making and individual treatment to improve

prognosis.
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Introduction

Breast cancer is the most common cancer in women and
causes serious health problems (1). The state of the axillary
lymph node (ALN) in patients with breast cancer can help
inform clinical decision-making and prognosis (2). In the
American College of Surgeons Oncology Group Z0011
(ACOSOG Z0011) randomized clinical trial (3), 10 years
of follow-up indicated no worse local control, disease-free
survival, or overall survival in women with elimination of
ALN dissection (ALND) who had 1 or 2 metastatic sentinel
nodes and clinical T1 or T2 tumors receiving lumpectomy
with whole-breast irradiation and systemic therapy. Thus,
preoperative evaluation of limited nodal burden (0-2
metastatic ALNs) and high nodal burden (>3 metastatic
ALNe) is vital for individual treatment in patients with breast
cancer.

Ultrasound is a noninvasive, convenient, and
nonradioactive method for evaluating ALN status; however,
the pooled sensitivity and specificity for predicting axillary
nodal burden have been reported to be only 66% and 73 %,
respectively (4), which is unsatisfactory for clinical work.

Elastography is a useful ultrasonic technique, which
can quantitatively and qualitatively evaluate tissue stiffness
and improve the diagnostic performance in differentiating
benign from malignant breast lesions (5). According to
the type of compressing force applied, elastography can
be classified as stain elastography (SE) and shear-wave
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elastography (SWE). A previous study reported that SE
could be a supplementary method in predict ALN metastasis
(ALNM) in patients with breast cancer (6). However, a
high dependence on operators and lack of quantitative
measurements remain the major limitations of SE.

SWE can quantitatively and qualitatively evaluate
the stiffness of breast lesions, which has generally been
considered to be a more reproducible and objective method.
Some studies found that quantitative SWE parameters were
useful for predicting ANLM and high nodal burden (7,8).
However, the optimal cutoff values for different quantitative
SWE parameters and the best quantitative parameters
varied across these studies. Qualitative SWE is helpful for
differentiating between benign and malignant breast lesions
(9,10); however, to the best of our knowledge, no studies
have reported on the associations between qualitative SWE
and limited or high nodal burden.

Angio-PLUS (AP) is a novel microvascular Doppler
ultrasound technique (Aixplorer, SuperSonic Imagine, Aix-
en-Provence, France), which can detect more microvessels
as compared with classical color Doppler flow imaging
(CDFI) (11). The morphologic and distribution of
vascularity in AP differ between benign and malignant
breast lesions (10).

Limited or high nodal burden is difficult to evaluate
under the use of conventional ultrasound alone, but use of
AP, qualitative SWE, and quantitative SWE of breast lesions

Quant Imaging Med Surg 2024;14(1):408-420 | https://dx.doi.org/10.21037/qims-23-445



410

could be a supplementary method for predicting limited or
high nodal burden. To evaluate the value of AP, qualitative
SWE, and quantitative SWE in predicting limited or high
axillary nodal burden of breast lesions, we attempted to
compare the diagnostic performance of AP, quantitative
SWE, and qualitative SWE in predicting limited and high
nodal burden in patients with breast cancer and to develop
a model for predicting axillary nodal burden for surgeons
and patients. We present this article in accordance with
the STARD reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-23-445/rc).

Methods
Patients

From March 2020 to November 2022, a total of 232
consecutive patients with breast cancer comprising 232
breast lesions were retrospectively enrolled from Yueyang
Central Hospital. The inclusion criteria were as follows: (I)
patients over the age of 18 years; (II) pathological results
of all breast lesions confirmed as breast cancer via surgery;
(III) and B-mode ultrasound (BMUS), AP, quantitative
SWE, and qualitative SWE examinations applied to all
breast lesions. The exclusion criteria were listed as follows:
(I) breast lesions with unclear or indeterminate pathological
results and (II) patients who had received previously invasive
examinations or therapies, including biopsies or neoadjuvant
chemotherapy. This study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). The medical
ethics committee of the Yueyang Central Hospital approved
the study and waived the requirement for written informed
consent due to the retrospective nature of its design.

Ultrasound examinations

An Aixplorer ultrasound system (SuperSonic Imagine) was
used in this study. BMUS, AP, and SWE examinations were
performed with a L15-4 or L10-5 linear array transducer.

BMUS examinations

For BMUS examinations, the patients were placed in a
supine position with the breast fully exposed. Suspicious
breast lesions were evaluated based on the BMUS features
of the 2013 edition of the Breast Imaging Reporting
and Data System (BI-RADS) (12), which includes shape,
margin, orientation, echo pattern, and calcification. All
breast lesions were classified as BI-RADS category 3
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(probably benign), 4a (low suspicion for malignancy), 4b
(moderate suspicion for malignancy), 4c (high suspicion for

malignancy), or 5 (highly suggestive of malignancy).

AP examinations

For the AP examinations, all breast lesions were dynamically
scanned with the AP to observe the richest and most typical
vascularity. The color velocity scale was adjusted to 4 to
6 cm/s, with color gain settings adjusted suitably, until the
background noise was suppressed. To obtain satisfactory
AP images, as slight as possible pressure was applied on the
breast, and the patients were asked to hold their breath for
several seconds while the AP examinations were performed.

SWE examinations

SWE examinations were performed by the transducer with
as slight as possible pressure as possible. SWE was conducted
according to standard recommendations. The sampling
frame included the entire breast lesion and surrounding
normal tissue. The stiffness range of the color map was 0-180
KPa (blue to red). The quantitative SWE measurement
of the breast lesions and surrounding normal tissue were
obtained via the region of interest (ROI) with Q-Box. The
first Q-Box, 2x2 mm” in size, was placed in the hardest part
of breast lesions, and Emin (the minimal value of the first
Q-box), Emean (the mean value of the first Q-box), Emax (the
maximum value of the first Q-box), and standard deviation
(SD) were obtained automatically. The second Q-Box with
the same size was placed in the surrounding normal breast
tissue as a comparison. The Eratio was defined as the ratio
of the first Q-Box and the second Q-Box, which could be
calculated automatically with the ultrasound system.

Imaging analysis

Two radiologists who had approximately 5 years of
experience in breast ultrasound with AP and SWE,
analyzed the images while being blinded to the final surgical
pathological results. When there were different opinions,
a third radiologist evaluated the breast lesions to reach a
consensus. The final surgical pathology evaluation was
regarded as the gold standard.

We classified vascular morphology and distribution
features in the AP of breast lesions into the five following
patterns (10): (I) nonvascular pattern, characterized by a
lack of blood vessels inside the breast lesion; (II) linear or
curvilinear pattern, characterized by a single or few straight
or slight curved vessels without crossing inside the breast
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lesion; (II) tree-like pattern, characterized by proportioned
microvessels branching inside the breast lesion; (IV) root
hair-like pattern, characterized by a twist and chaotic
arrangement with irregular vessels dominating the breast
lesion and fewer than two enlarged and twisted vessels
around the breast lesion; and (V) crab claw-like pattern,
characterized by radial vessels, with small speculated vessels
commonly seen around the breast lesion.

The qualitative SWE features of breast lesions were
classified into the seven following patterns (9): (I) no
findings, in which there was no change in the hue around
the lesion at the margin or inside the lesion (homogeneously
blue); (II) vertical stripe pattern, in which color could
seen at the breast lesion’s margin or inside the lesion that
differed from the color around the lesion, with a different
color extending beyond the lesion and continuing vertically
in cords on the cutaneous side and/or the thoracic wall;
(III) spot pattern, in which there were colored areas above
and/or below the breast lesion; (IV) rim of stiffness pattern,
in which a localized colored area was present at the breast
lesion’s margin, appearing as a continuous closed circle,
with a less than 25% lack of SWE signal inside the breast
lesions; (V) colored lesion pattern, in which there were
heterogeneously colored areas inside the lesion; (VI) void
center pattern, in which the SWE signal was lacking inside
the breast lesion, with the rest of the SWE box being filled
normally; and (VII) horseshoe pattern, in which a localized
colored area was present at the breast lesion’s margin,
appearing as an open circle, with a less than 25% lack of
SWE signal inside the breast lesions.

Statistical analysis

Statistics analysis was performed using MedCalc software
19.4 (MedCalc Software, Ostend, Belgium) and SPSS 23.0
(IBM Corp., Armonk, NY, USA). We used the mean and
SDs for quantitative variables and the chi-squared or Fisher
exact tests for categorical variables. A receiver operating
characteristic (ROC) curve was drawn for predicting
limited and high nodal burden based on the quantitative
SWE parameters of each breast lesion. The optimal cutoff
value was calculated with the Youden index (maximum of
sensitivity + specificity — 1). The sensitivity, specificity,
positive predictive value (PPV), negative predictive value
(NPV), accuracy, and area under the receiver operating
characteristic curve (AUC) of BMUS, AP, qualitative
SWE, quantitative SWE, and the predictive model were
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evaluated and compared. A P value of <0.05 was considered
statistically significant.

Results

Of the 232 enrolled breast lesions, 165 (71.1%) were
confirmed to have a limited nodal burden, including 133
(57.3%) with negative for ALNM and 32 (13.8%) with 1
or 2 ALNMs. Moreover, 67 (28.9%) breast lesions were
confirmed to have high nodal burden (Figure I). All patients
were divided into a limited nodal burden group and a high
nodal burden group. The general information of patients,
BMUS features of breast lesions, and ALN evaluation in
ultrasound are listed in Table 1. There were significant
differences in tumor size, margin, and ALN evaluation in
ultrasound between the limited nodal burden group and
the high nodal burden group, while there was no significant
difference in the other general information and BMUS
features between the limited nodal burden group and the
high nodal burden group.

Comparison of the AP, qualitative SWE, and quantitative
SWE between the limited nodal burden group and high
nodal burden group

There was no significant difference in AP patterns between
the limited nodal burden group and high nodal burden
group, while qualitative SWE and quantitative SWE were
significantly different between the limited nodal burden
group and high nodal burden group. Moreover, all breast
lesions with no findings, with spot pattern, or with vertical
stripes were considered to be limited nodal burden (7able 2).

Diagnostic performance of qualitative SWE for predicting
limited and bigh nodal burden

The diagnostic criteria of qualitative SWE for predicting
limited and high nodal burden are listed as follows: when
breast lesions only manifested one of the seven color
patterns, including no finding, spot pattern, vertical stripes,
stiffness pattern, colored lesion pattern, void center pattern,
or horseshoe pattern, they were regarded as limited nodal
burden; when breast lesions manifested a combination of
two patterns, including rim of stiffness pattern, colored
lesion pattern, void center pattern, or horseshoe pattern,
they were regarded as high nodal burden, and the
sensitivity, specificity, PPV, NPV, accuracy and AUC were

Quant Imaging Med Surg 2024;14(1):408-420 | https://dx.doi.org/10.21037/qims-23-445



412 Wang et al. SWE for predicting axillary nodal burden

Patients with breast cancer (n=286)

Exclusion:
e Absence of SWE images (n=7)
¢ Neoadjuvant chemotherapy (n=31)
¢ No satisfying SWE images (n=9)
e Biopsy before SWE examinations (n=7)

Y

Y

Breast lesions enrolled (n=232)

!

e Conventional ultrasound

e AP examinations

e Qualitative SWE

* Quantitative SWE parameters

!

Surgery (n=232)

v v v
Negative ALN metastasis (n=133) One or two ALN metastases (n=32) >3 ALN metastases (n=67)
A
>»| Limited nodal burden (n=165) (< High nodal burden (n=67)

Figure 1 The flowchart of this study. SWE, shear-wave elastography; AP, Angio-PLUS; ALN, axillary lymph node.

Table 1 General information and conventional ultrasound features of breast lesions

Limited nodal burden High nodal burden 5

Characteristic (0—-2 metastatic ALNs) (n=165) (=3 metastatic ALNs) (n=67) X P
Age (years)
Range 1
<50 73 31 0.709 0.779
>50 92 36
Range 2
<40 26 9 0.201 0.654
>40 139 58
Left/right breast
Left 94 41 0.350 0.554

Right 71 26

Table 1 (continued)

© Quantitative Imaging in Medicine and Surgery. All rights reserved. Quant Imaging Med Surg 2024;14(1):408-420 | https://dx.doi.org/10.21037/qims-23-445



Quantitative Imaging in Medicine and Surgery, Vol 14, No 1 January 2024 413

Table 1 (continued)

Limited nodal burden High nodal burden 5

Characteristic (0-2 metastatic ALNs) (n=165) (=3 metastatic ALNs) (n=67)

Location
Upper outer quadrant 97 44 - 0.614
Lower outer quadrant 17 8
Lower inner quadrant 11 4
Upper inner quadrant 39 10
Posterior papilla 1 1

Size
<20 mm 73 18 6.036 0.014
>20 mm 92 49

Depth
<10 mm 138 50 2.517 0.113
>10 mm 27 17

Shape
Oval or round 16 6 0.031 0.861
Irregular 149 61

Orientation
Parallel 118 55 2.810 0.094
Not parallel 47 12

Margin
Circumscribed 79 21 5.313 0.021
Indistinct, angular, 86 46
microlobulated, or spiculated

Calcification
Absence 101 40 0.046 0.831
Presence 64 27

Echo pattern
Solid 158 67 - 0.197
Complex cystic and solid 7 0

Mass/non-mass-like lesions
Mass 140 61 1.580 0.209
Non-mass-like 25 6

ALN evaluation in US
Negative 102 20 19.53 <0.001
Positive 63 47

ALN, axillary lymph node; US, ultrasound.
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Table 2 Comparison of AP, qualitative SWE, and quantitative SWE between the limited nodal burden group and high nodal burden group

Variables Limited nodal burden (0-2 metastatic ALNs) (n=165) High nodal burden (=3 metastatic ALNs) (n=67) P
AP
Non-vascular pattern 7 1 0.812
Linear or curvilinear pattern 53 22
Tree-like pattern 1 0
A root hair-like pattern 22 7
A crab claw-like pattern 82 37
Qualitative SWE
No finding 8 0 <0.001
Spot pattern 1 0
Vertical stripes pattern 7 0
Void center pattern 9 4
Horseshoe pattern 15 2
Rim of stiffness pattern 36 3
Colored lesion pattern 47 10
Combination of 2 patterns 42 48
Quantitative SWE
Emin (KPa) 54.44+46.86 70.61+53.70 0.023
Emean (KPa) 107.14+64.13 146.93+68.38 <0.001
Emax (KPa) 148.73+82.79 198.63+81.33 <0.001
Eratio 9.31+7.20 13.60+11.22 0.001
SD (KPa) 23.82+17.69 33.40+£19.87 <0.001

Quantitative variables are expressed as the mean + SD, while qualitative variables are expressed as frequencies. AP, Angio-PLUS; SWE,
shear-wave elastography; ALN, axillary lymph node; Emin, the minimal value of the first Q-box; Emean, the mean value of the first Q-box;
Emax, the maximum value of the first Q-box; Eratio, ratio of the first Q-Box and the second Q-Box; SD, standard deviation.

71.64%, 74.55%, 53.33%, 86.62%, 73.71%, and 0.731
[95% confidence interval (CI): 0.669-0.787], respectively
(Table 3).

Diagnostic performance of quantitative SWE for
predicting limited and bigh nodal burden

The best cutoff values of Emin, Eman, Emax, Eratio, and SD
for predicting limited or high nodal burden were 80.85 KPa,
133.45 KPa, 153.40 KPa, 9.95, and 19.25 KPa, respectively.
The diagnostic performance of all quantitative parameters
are shown in Table 3. The Emax had the highest AUC, and
its sensitivity, specificity, PPV, NPV, accuracy, and AUC
were 71.64%, 56.36%, 40.00%, 83.04%, 60.78%, and 0.640
(95% CI: 0.575-0.702), respectively. However, there was no
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significant difference among Emin, Eman, Emax, Eratio, or
SD for predicting limited or high nodal burden.

Comparison of diagnostic performance between qualitative
and quantitative SWE for predicting limited and bigh
nodal burden

Compared with all quantitative SWE parameters for
predicting limited or high nodal burden, qualitative SWE
had better diagnostic performance. When breast lesions
manifested no findings, spot pattern, or vertical stripes, the
patients had limited nodal burden, which was an important
indicator for predicting limited nodal burden (Figure 2).
When breast lesions manifested the rim of stiffness
pattern, colored lesion pattern, void center pattern, or
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Table 3 Comparison of the diagnostic performance between qualitative and quantitative SWE for predicting limited and high nodal burden

Variable Sensitivity  Specificity PPV NPV Accuracy AUC (95% ClI) P*

Qualitative SWE
1 of 7 color patterns vs. 71.64% 74.55% 53.33%  86.62% 73.711% 0.731 (0.669-0.787) -
Combination of 2 malignant patterns

Quantitative SWE
Emin (<80.85 vs.>80.85 KPa) 44.78% 75.76% 42.86%  77.16% 66.84% 0.603 (0.537-0.666) 0.005
Emean (<133.45 vs.>133.45 KPa) 56.72% 69.70% 43.18%  79.86% 65.95% 0.632 (0.566-0.694) 0.015
Emax (<153.40 vs.>153.40 KPa) 71.64% 56.36% 40.00%  83.04% 60.78% 0.640 (0.575-0.702) 0.021
Eratio (<9.95 vs.>9.95) 59.70% 66.67% 4211%  80.29% 64.66% 0.632 (0.566-0.694) 0.019
SD (<19.25 vs. =19.25 KPa) 74.63% 47.27% 36.50% 82.11% 55.17% 0.609 (0.543-0.673) 0.002

*, comparison of diagnostic performance between qualitative SWE and all quantitative SWE parameters. SWE, shear-wave elastography;
PPV, positive predictive value; NPV, negative predictive value; AUC, area under the receiver operating characteristic curve; Cl, confidence
interval; Emin, the minimal value of the first Q-box; Emean, the mean value of the first Q-box; Emax, the maximum value of the first Q-box;

Eratio, ratio of the first Q-Box and the second Q-Box; SD, standard deviation.

horseshoe pattern, 84.92% (107/126) of these patients had
limited nodal burden. When breast lesions manifested a
combination of two patterns, including rim of stiffness
pattern, colored lesion pattern, void center pattern, or
horseshoe pattern, the percentage of high nodal burden was
significantly increased, reaching 53.33% (48/90) (Figure 3).

Multivariate analysis of general information, BMUS
features, and SWE for predicting limited and bhigh nodal
burden

Based on the univariate analysis of general information
as well as the BMUS, qualitative SWE, and quantitative
SWE findings between the limited nodal burden group and
high nodal burden group, size, margin, ALN evaluation
in ultrasound, qualitative SWE patterns, and quantitative
SWE parameters were found to be significantly different
between the limited nodal burden group and high nodal
burden group. According to the binary logistics regression
analysis, ALN evaluation in ultrasound and qualitative SWE
were independent risk factors for predicting limited or high
nodal burden (7able 4). The following predictive model was
constructed based on binary logistics regression analysis:
Logit (P) = -5.409 + 1.908 x ALN evaluation in ultrasound
+2.377 x qualitative SWE.

Comparison of diagnostic performance between
independent risk factors and predictive model

ROC analysis was performed to evaluate the independent
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risk factors and the predictive model. The AUC of the
predictive model was 0.820 (95% CI: 0.765-0.867) (Table 5),
which was significantly higher than that of the other
independent risk factors (Figure 4).

Discussion

Our study found the seven color patterns of qualitative SWE
were useful for predicting limited and high nodal burden.
Compared with all the quantitative SWE parameters,
qualitative SWE had better diagnostic performance. Breast
lesions that manifested no finding, spots pattern, or vertical
stripes were important indicators for predicting limited
nodal burden, with an accuracy of 100% in this study.
Moreover, a predictive model was established for predicting
limited or high nodal burden in patients with breast cancer.
The model had the best AUC (0.820; 95% CI: 0.765-0.867)
compared with using qualitative SWE or ALN evaluation
in the use of ultrasound alone.

The ALNM status of breast cancer is important
for clinical decision-making and prognosis of patients.
Conventional ultrasound evaluation of ALN is mainly based
on the aspect ratio, absence of fat gates, heterogeneous
cortical thickening, and peripheral or mixed blood flow
type (13,14), but previous studies (15-17) have reported
conventional ultrasound to be insufficient for the
preoperative evaluation of ALNM, with the sensitivity
ranging from 35% to 82% and the specificity ranging from
73% to 97.9%. The sensitivity and specificity for predicting
high nodal burden in this study were 70.15% and 61.82%,

Quant Imaging Med Surg 2024;14(1):408-420 | https://dx.doi.org/10.21037/qims-23-445



416

Wang et al. SWE for predicting axillary nodal burden

™

+Q-Box'" ratio
Ratio (kPa)

Figure 2 A 44-year-old woman with breast lesion in left breast. The pathology of this breast lesion was high-grade ductal carcinoma
in situ combined with invasive ductal carcinoma. The final surgical pathology indicated negative lymph node metastasis in the axilla.
(A) Conventional ultrasound revealed a 16 mm x 7 mm irregular, hypoechoic lesion, which was categorized as BI-RADS 4a. (B) The
morphologic and distribution of vascularity in AP was a linear pattern. (C) Qualitative SWE patterns: no findings. (D) The Emin, Emean,
Emax, SD, and Eratio were 14.5 KPa, 17.8 KPa, 22.3 KPa, 1.9 KPa, and 1.5, respectively. Qualitative SWE predicted negative lymph node
metastasis in the axilla. The snowflake symbols represent the freeze of SWE examination. The solid line circle represents the first Q-box,
and the dashed line circle represents the second Q-box. SWE, shear-wave elastography; dCPI, direction color power imaging; SD, standard
deviation; BI-RADS, Breast Imaging Reporting and Data System; AP, Angio-PLUS; Emin, the minimal value of the first Q-box; Emean, the

mean value of the first Q-box; Emax, the maximum value of the first Q-box; Eratio, ratio of the first Q-Box and the second Q-Box.

respectively, which was consistent with previous research.
Thus, using conventional ultrasound alone to evaluate
limited or high nodal was unsatisfactory.

In recent years, some studies have examined the value
of quantitative SWE and qualitative SWE for evaluating
the prognosis of patients with breast cancer. For example,
Ventura et /. (18) found that quantitative SWE and
qualitative SWE had good reproducibility in different
operators with various experience and could be promising
methods for noninvasively evaluating the prognosis of
patients with breast cancer.

Several studies have focused on the prediction of negative
or positive ALNM with quantitative SWE in patients with
breast cancer. Evans er 4/. (8) reported that mean stiffness
on SWE was an independent risk factor for predicting
ALNM in women with invasive breast cancer. Wen et 4/. (19)
found Emax showed the best diagnostic performance for
predicting ALNM among all quantitative SWE parameters,
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with the optimal cutoff value of Emax being higher than
111.05 KPa yielding an AUC of 0.85. Jiang er al. (20)
reported that Eratio had the best diagnostic performance
among quantitative SWE parameters for diagnosing ALNM
and yielded an AUC of 0.845, with an optimal cutoff value
of an Eratio higher than 3.9. The best quantitative SWE
parameters and the optimal cutoff values for predicting
ALNM vary across different studies, which might be related
to sample size of enrolled patients, method of quantitative
measurement, and operator variability.

Li er al. (7) reported that the Emax, Emean, and SD of
breast lesions were significantly higher a high nodal burden
group compared with a limited nodal burden group, and when
the optimal cutoff values of 119.52 KPa for Emax, 97.31 KPa
for Emean, and 19.38 KPa for SD were used, the AUCs
for predicting high nodal burden were 0.642, 0.635, and
0.646, respectively. In this study, the best cutoff values of all
quantitative SWE parameters for predicting high nodal burden
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Figure 3 A 46-year-old woman with breast lesions in the left breast. The pathology of this breast lesion was invasive ductal carcinoma

(grade 3). The final surgical pathology indicated 4 lymph node metastases in the axilla. (A) Conventional ultrasound revealed a 20 mm x

15 mm irregular, hypoechoic lesion, with scattered calcifications inside the breast lesion, which was categorized as BI-RADS 4c¢. (B) The

morphologic and distribution of vascularity in AP was a crab claw-like pattern. (C) Qualitative SWE patterns: rim of stiffness pattern and

void center pattern. Qualitative SWE predicted high nodal burden

in the axilla. (D) The axillary lymph node had an aspect ratio >2, absence

of fat gates, heterogeneous cortical thickening, scattered calcifications, and peripheral blood flow type, which was considered indicative of

axillary lymph node metastasis. The snowflake symbols represent

direction color power imaging; CFI, color flow imaging; BI-RADS,

Table 4 Multivariate analysis of general information, BMUS
features, and ALN evaluation in US and SWE for predicting
limited and high nodal burden

Intercept and variable Predictive model

B Odds ratio (95% CI) P

Intercept -5.409 - -
Qualitative SWE 2.377 10.774 (5.141-22.579) <0.001
ALN evaluation in US 1.908 6.740 (3.138-14.479) <0.001

BMUS, B-mode ultrasound; ALN, axillary lymph node; US,
ultrasound; SWE, shear-wave elastography; CI, confidence
interval.

were 80.85 KPa for Emin, 133.45 KPa for Emean, 153.40 KPa
for Emax, 9.95 for Eratio, and 19.25 KPa for SD. However,
the AUC of all quantitative SWE parameters ranged from
0.603 to 0.640, which was poor and consistent with that of a
previous study (7). Thus, a more effective method to predict

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

the freeze of SWE examination. SWE, shear-wave elastography; dCPI,
Breast Imaging Reporting and Data System; AP, Angio-PLUS.

Table 5 The AUC of independent risk factors and the predictive

model

Variables AUC 95% ClI P*
Predictive model 0.820 0.765-0.867 -
Qualitative SWE 0.731 0.669-0.787 <0.001
ALN evaluation in US 0.660 0.595-0.721 <0.001

*

, comparison of diagnostic performance between the
predictive model and qualitative SWE for axillary lymph node
evaluation in ultrasound. AUC, area under the receiver operating
characteristic curve; Cl, confidence interval; SWE, shear-wave
elastography; ALN, axillary lymph node; US, ultrasound.

limited or high nodal burden needs to be developed.
Qualitative SWE for the differentiation between benign
and malignant breast masses has been widely studied. Lin
et al. (9) proposed seven color patterns for discriminating
benign from malignant breast lesions, with benign breast
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Figure 4 ROC of independent risk factors and the predictive
model. SWE, shear-wave elastography; ALN, axillary lymph node;

US, ultrasound; ROC, receiver operating characteristic.

lesions always presenting no findings, vertical stripes, or
spot pattern and malignant breast lesions mainly presenting
rim of stiffness pattern, colored lesion pattern, void center
pattern, or horseshoe pattern (10). However, few studies
have investigated the value of qualitative SWE in predicting
limited or high nodal burden. In this study, breast lesions with
limited nodal burden mainly presented one pattern of seven
color patterns, while the percentage of high nodal burden was
increased in breast lesions presenting a combination of two
malignant patterns. Moreover, when breast lesions presented
no findings, spot patterns, or vertical stripes in qualitative
SWE, all patients (n=16) had a limited nodal burden: one
of these patients had one ALNM, and 15 were negative for
ALNM. The possible reasons for this might be related to
the low stiffness in the tumor and peritumoral tissue, which
is indicative of a low degree of breast lesion invasion. Thus,
breast lesions presenting no findings, spot pattern, or vertical
stripe pattern in qualitative SWE could be an important
indicator for predicting limited nodal burden.

When breast lesions presented a combination of two
malignant SWE patterns, including void center pattern, rim
of stiffness pattern, and horseshoe pattern, the rate of high
nodal burden was 53.33%. The rim of stiffness pattern and
horseshoe pattern reflect a high degree of stiffness in the
peritumoral tissue, indicating peritumoral invasion of breast
lesions, which is related to the spreading and ALNM of
breast cancer (21). Moreover, void center pattern presents
a lack of SWE signal inside the lesion, which might be
related to the rapid growth of the tumor with liquefaction

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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of a necrotic lesion inside the tumor or dense collagen
deposition around the tumor causing severe attenuation of
shear-wave signal, all features which could indicate a high
degree of invasion and high nodal burden.

Compared with quantitative SWE parameters, qualitative
SWE had better diagnostic performance for predicting
limited or high nodal burden, especially for those breast
lesions present no findings, spot pattern, or vertical stripes,
with an accuracy of 100% for predicting limited nodal
burden.

According to the binary logistic regression analysis of
general information, conventional ultrasound features, and
SWE, a predictive model was established for predicting
limited or high nodal burden in patients with breast cancer.
The model had best AUC (0.820; 95% CI: 0.765-0.867)
compared with qualitative SWE and axillary evaluation
in ultrasound. This predictive model may thus serve as a
noninvasive, convenient, and simple method for predicting
limited or high nodal burden in clinical practice.

There were several limitations in this study. First, we
employed a retrospective design, which involved some
inevitable bias. Second, the sample size was not large, and
multicenter studies with large samples should be performed
in the future. Third, the time span of the study was short,
and the pathological types of breast lesions might have been
limited.

Conclusions

Qualitative SWE of breast lesions was useful for predicting
limited or high nodal burden for patients with breast cancer.
Compared with quantitative SWE, qualitative SWE had
better diagnostic performance. Breast lesions presenting no
findings, vertical stripes, and spot pattern were important
indicators for limited nodal burden. A predictive model
developed in this study could be a noninvasive, simple, and
convenient method for predicting limited or high nodal
burden, which would be beneficial to clinical decision-
making and the individual treatment for improving
prognosis.
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