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Abstract

Background Accurate evaluation of axillary lymph node metastasis (LNM) in breast cancer is very important. A
large number of hyperplastic and dilated lymphangiogenesis cases can usually be found in the pericancerous tissue
of breast cancer to promote the occurrence of tumor metastasis.Shear wave elastography (SWE) can be used as an
important means for evaluating pericancerous stiffness. We determined the stiffness of the pericancerous by SWE to
diagnose LNM and lymphangiogenesis in invasive breast cancer (IBC).

Methods Patients with clinical T1-T2 stage IBC who received surgical treatment in our hospital from June 2020 to
December 2020 were retrospectively enrolled. A total of 299 patients were eventually included in the preliminary
study, which included an investigation of clinicopathological features, ultrasonic characteristics, and SWE parameters.
Multivariable logistic regression analysis was used to establish diagnostic model and evaluated its diagnostic
performance of LNM. The correlation among SWE values, collagen volume fraction (CVF), and microlymphatic density
(MLD) in primary breast cancer lesions was analyzed in another 97 patients.

Results The logistic regression model is Logit(P)=-1.878+0.992*LVI-2.010*posterior feature

enhancement+ 1.230*posterior feature shadowing +0.102*posterior feature combined pattern +0.009*Emax. The
optimum cutoff value of the logistic regression model was 0.365, and the AUC (95% Cl) was 0.697 (0.636-0.758); the
sensitivity (70.7 vs. 54.3), positive predictive value (PPV) (54.0 vs. 50.8), negative predictive value (NPV) (76.9 vs. 69.7),
and accuracy (65.2 vs. 61.9) were all higher than Emax. There was no correlation between the SWE parameters and
MLD in primary breast cancer lesions.

Conclusions The logistic regression model can help us to determine LNM, thus providing more imaging basis for
the selection of preoperative treatment. The SWE parameter of the primary breast cancer lesion cannot reflect the
peritumoral lymphangiogenesis, and we still need to find a new ultrasonic imaging method.
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Background

Breast cancer is the most common malignant tumor in
Chinese women. Metastasis is the leading cause of incur-
able and fatal diseases in patients who suffer from breast
cancer. Lymph node metastasis (LNM) can occur at an
early stage. Preoperative assessment of LNM is necessary,
as it can guide the clinical staging classification of breast
cancer and the selection of treatment options [1]. Axillary
lymph node dissection (ALND) is required in patients
with LNM and may lead to complications such as lymph-
edema, limited movement of the arms and shoulders, and
numbness of the upper arm skin [2]. US-guided fine-nee-
dle aspiration is an important nonsurgical alternative to
ALND, but it remains an invasive procedure that inevi-
tably produces false-negative results [3]. Therefore, it is
necessary to explore a noninvasive method for the preop-
erative evaluation of axillary lymph node.

As a complement to conventional ultrasound and color
doppler flow imaging, shear wave elastography (SWE)
can display a real-time color map to determine the stiff-
ness of the mass by observing the color features, and
quantitatively measure the values by subsequently plac-
ing a region of interest (ROI) on the hardest part of the
lesion. According to a multicenter study on E-Imaging of
the Breast in China (BE3) in 2016, which was cohosted by
Professor Chang and Professor Li, breast cancer usually
shows a stiff rim, colored lesion, defect filling, or horse-
shoe sign, which has diagnostic value. SWE can be used
as an important means for evaluating pericancerous stiff-
ness which may assist the diagnosis of LNM.

Lymphangiogenesis is an important condition for the
LNM of tumors. There is a correlation between survival
rate and lymphatic vessel density (LVD) in patients with
different types of tumors. LNM can occur by the inva-
sion of the existing lymphatic vessels located within [4,
5] or surrounding [6] the tumor and tumor-induced
lymphangiogenesis. A large number of hyperplastic and
dilated lymphangiogenesis cases can usually be found
in the pericancerous tissue of breast cancer to promote
the occurrence of tumor metastasis. VEGFC plays a key
role in the lymphangiogenesis and LNM of tumors, and
TGF-B can stimulate lymphangiogenesis by promoting
the expression of VEGFC. The transformation of breast
cancer is accompanied by an increase in collagen depo-
sition and a progressive linearization and thickening of
interstitial collagen, which is most significant in peri-
cancerous tissue. There is a positive correlation between
stromal stiffness and the level of cellular TGF-p signaling
[7]. The main contributor to tumor stiffness is collagen-
rich extracellular matrix (ECM) [8]. Lesion stiffness is
closely related to collagen content, the proteins that pro-
mote tissue fibrosis and collagen expression [9]. There-
fore, whether SWE is related to lymphangiogenesis is a
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feasible research direction, that may help to evaluate the
therapeutic efficacy against tumor lymphangiogenesis.

Methods

Ethical statement

The research was approved by the ethical review board of
Harbin medical university cancer hospital, and was con-
sistent with the Helsinki Declaration of 1964 and its cor-
responding revision or equivalent ethical principles. The
informed consent of each patient was waived due to its
retrospective nature by the ethical review board of Har-
bin medical university cancer hospital. Information that
may reveal the identity of the recipient was exempted.

Patients

Patients with invasive breast cancer (IBC) in the clini-
cal T1-T2 stage who received surgical treatment in our
hospital from June 2020 to December 2020 were retro-
spectively enrolled. A total of 299 patients were eventu-
ally included in the preliminary study, which included an
investigation of clinicopathological features, ultrasonic
characteristics, and SWE parameters. Multivariable
logistic regression analysis was used to establish diag-
nostic model and evaluated its diagnostic performance
of LNM. In patients with multifocal cancer, only the larg-
est tumor was recorded. The exclusion criteria were as
follows: patients receiving neoadjuvant chemotherapy
(NAC); patients whose lesions had been excised or sub-
jected to vacuum-assisted biopsy; patients who under-
went biopsy prior to ultrasound or SWE examination;
and patients with bilateral breast cancer. According to
the presence of LNMs in patients after surgery, they were
divided into LNM +or LNM- groups.

Ultrasound and SWE examination

The ultrasound and SWE images were collected and
stored using the Supersonic Imagine ultrasound system
(Aixplorer, Aixen Provence, France) with a 2-10 MHz
or 4-15 MHz probe. The work was performed by two
experienced operators who had worked for more than
10 years. The ultrasonic characteristics and SWE param-
eters were independently evaluated by two experts. If
there were any disagreements during the evaluation, a
final conclusion was reached through consultation with
another expert.

Primary breast lesions were recorded according to
the 5th American College of Radiology Breast Imaging
Reporting and Data System (BI-RADS) lexicon, includ-
ing: shape, orientation, margin, echo pattern, posterior
features, calcifications, and vascularity. Tumor size, halo,
and distance from tumor to skin were also recorded.

For SWE, the ROI needs to include the whole mass and
normal tissues around the mass. The Q-box diameter was
set to 2 mm. The Q-box was placed in the hardest part of
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the peritumoral lesions. When measuring the Eratio, the
second Q-box is placed in the normal adipose tissue with
the same depth as the lump as a reference. (If the lump is
too large, it can be placed in the normal mammary gland
with the same depth.) SWE images perpendicular to each
other were stored, and maximum stiffness (Emax) (kPa),
Mean stiffness (Emean) (kPa), Stiffness ratio (Eratio) and
Stiffness standard deviation (Esd) (kPa) in each image
were recorded.

Histopathological evaluation

Estrogen receptor (ER), progesterone receptor (PR),
human epidermal growth factor receptor 2 (Her2), and
Ki-67 were detected by immunohistochemistry. ER and
PR states were positive when more than 1% of the tumor
cells were immunohistochemically stained [10]. HER2
positivity was defined as grade 3+, and grade 2+needed
to be detected by fluorescence in situ hybridization.
Greater than 20% of Ki-67 was considered to be the
threshold for the classification of the luminal subtype.

Microlymphatic density

MLD was taken to evaluate lymphangiogenesis. An opti-
cal microscope (Leica, Germany) was used to observe
the distribution areas of pericancerous positive staining
under low magnification (10x4) to select hot spots; three
hot spots were selected for each section. Under high
magnification (10x10), one image was collected from
each hot spot. According to the Weidner lymphatic ves-
sel counting method [11], the number of microlymphatic
vessels peritumorally stained tan by D2-40 antibody in
each image was manually counted. Any tan-staining
endothelial cell or endothelial cell cluster was consid-
ered a single countable microlymphatic vessel. The mean
number of microlymphatic vessels in the three images
per slice was taken as the final MLD value.

Collagen

Masson staining was performed on collagen. After Mas-
son trichrome staining, the collagen fibers were blue, the
nuclei were blue-black, and the muscle fibers and red
blood cells were red. An image acquisition system was
used to collect three peritumoral images for each slice
under a high magnification field (10x10). Image] soft-
ware ( http://rsb.info.nih.gov/ij/ ) was used to analyze
the CVE, the collagen-positive area as a percentage of the
total area of the organization.

Statistical analysis

Statistical analysis was performed using SPSS 20.0 soft-
ware (SPSS Inc., Chicago, IL, USA). Bilateral test results
(test level «=0.05) showed a statistically significant dif-
ference when P<0.05. Measurement data with a nor-
mal distribution are described as the mean+SD, and the
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difference between two groups was analyzed by t test. If
the measurement data did not conform to a normal dis-
tribution, they are described as the median (interquartile
range), and the difference between two groups was exam-
ined by the Wilcoxon rank sum test. Enumeration data
are described by n (%), and the distribution differences
of related factors between different groups were analyzed
by the chi-square test. Factors with statistically signifi-
cant differences will be additionally incorporated into the
multivariable logistic regression model. Following the
stepwise selection of independent variables, the model
will undergo optimization to obtain the united diagnostic
model. Receiver operating characteristic (ROC) curves
were used to analyze the diagnostic efficacy of different
indicators for metastasis. Delong’s test was used to ana-
lyze whether there was statistically significant difference
in the diagnostic ability of each indicator. Pearson corre-
lation and Spearman rank correlation were used to ana-
lyze the correlations among SWE values, CVE, and MLD.
The results with statistical significance are shown in scat-
ter plots.

Results

Based on the inclusion and exclusion criteria and post-
operative pathology, 299 IBC patients were eventually
included in the preliminary study, including 183 (61.2%)
LNM- patients and 116 (38.8%) LNM + patients. Another
97 patients with IBC who met the criteria were selected,
including 50 LNM- (51.5%) patients and 47 LNM+
(48.5%) patients. The correlations among SWE values,
CVE and MLD in primary breast cancer lesions were
analyzed in 97 patients.

Table 1 shows the disparities in clinicopathological
features among patients with LNM- and LNM+. The
distribution difference of lymphovascular invasion (LVI)
between the two groups was statistically significant.
In the LNM+group, the proportion of LVI was 34.5%,
which was higher than that in the LNM- group (16.9%).

Regarding the ultrasound characteristics, there were
statistically significant differences in tumor diameter and
posterior features between the two groups (Table 2). The
tumor diameter in the LNM +group was 21.43+8.78 mm,
whereas that in the LNM- group was 19.28+7.86 mm
(P=0.028). The posterior feature enhancement was 1.7%
in the LNM +group and 12.0% in the LNM- group.

SWE examination of primary breast lesions showed
that only Emax (146.73+£47.76 kPa vs. 132.07+42.84 kPa,
P=0.006) had statistically significant differences in the
distributions between the two groups (Table 3). Figure 1
shows the SWE values of primary breast cancer in the
LNM- and LNM +groups.

Factors with statistically significant differences in the
distributions of different groups in univariate analysis
(LVI, tumor diameter, posterior features, Emax) were
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Table 1 Disparities in clinicopathological features among
patients with LNM- and LNM+
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Table 2 Univariate analysis of the variations in ultrasonic
characteristics between the LNM- group and the LNM+group

Characteristic LNM-(n=183) LNM+(n=116) t/x> P

Age (Mean+SD, 53.72+10.00  55.13+£9.99 -1.191 0235
years)
Age (n, %) 1303 0521
<45 42 (23.0%) 21(18.1%)
45-60 91(49.7%) 58 (50.0%)
>60 50(27.3%) 37 (31.9%)
Histologic type 2608 0271
(n, %)
Invasive ductal 169 (92.3%) 111(95.7%)
Invasive lobular 4(2.2%) 3(2.6%)
Others 10(5.5%) 2 (1.7%)
ER (n, %) 0176  0.675
Negative 40 (21.9%) 23(19.8%)
Positive 143(78.1%) 93 (80.2%)
PR (n, %) 0663 0416
Negative 52 (28.4%) 28(24.1%)
Positive 131 (71.6%) 88 (75.9%)
HER2 (n, %) 3.678 0.055
Negative 147 (80.3%) 82(70.7%)
Positive 36 (19.7%) 34 (29.3%)
Ki-67 (n, %) 3.026 0.082
<20% 93 (50.8%) 47(40.5%)
>20% 90(49.2%) 69 (59.5%)
P53 (n, %) 1591 0207
Negative 52 (28.4%) 41(35.3%)
Positive 131 (71.6%) 75 (64.7%)
Molecular type 7083 0.069
(n, %)
luminal A 69 (37.7%) 41(35.3%)
luminal B 75(41.0%) 53 (45.7%)
HER2 15 (8.2%) 16(13.8%)
TNBC 24(13.1%) 6 (5.2%)
LVI (n, %) 12.067 0.001
Absent 152(83.1%) 76(65.5%)
Present 31(16.9%) 40 (34.5%)

TNBC triple negative breast cancer, LV/ lymphovascular invasion

Table 3 Univariate analysis of SWE parameters between the
LNM- group and the LNM +group

SWE LNM-(n=183) LNM+(n=116) t/x> P
Emax (Mean+SD, kPa) 132.07+4284 146.73+47.76  -2758 0.006
Emean (Mean £5SD, 10946+36.14  109.37+34.29 0.021 0.983
kPa)

Eratio (Mean +SD, 11.18+5.73 10.70+4.80 0.754 0451
kPa)

Esd (Mean +SD, kPa) 18.99+£8.89 18.99+8.81 0.004 0.997

further included in the multivariable logistic regression
model. Following the stepwise selection of independent
variables, tumor diameter was eliminated. The final logis-
tic regression model was Logit(P)=-1.87840.992*LVI-
2.010*posterior feature enhancement+1.230*posterior

Characteristic LNM- LNM+ t> P
(n=183) (n=116)
Tumor diameter 1928+7.86 2143+£878 -2204 0.028
(Mean +SD, mm)
Tumor size (n, %) 2912 0.088
T 116 (63.4%) 62(53.4%)
T2 67(36.6%) 54 (46.6%)
Distance from tumor to 6.66+3.11  6.60£297 0.164 0.869
skin (Mean=SD, mm)
Shape (n, %) Fisher  1.000°
Regular 1 (0.5%) 0(0.0%)
Irregular 182(99.5%) 116
(100.0%)
Orientation (n, %) 0.059 0.808
Parallel 169 (92.3%) 108(93.1%)
Not parallel 14 (7.7%) 8 (6.9%)
Margin (n, %) 8575 0.073
Circumscribed 1 (0.5%) 0(0.0%)
Indistinct 105(57.4%) 53 (45.7%)
Angular 35(19.1%) 20 (17.2%)
Microlobulated 21(11.5%) 17 (14.7%)
Spiculated 21(11.5%) 26 (22.4%)
Halo (n, %) 0352 0553
Absent 162(88.5%)  100(86.2%)
Present 21(11.5%) 16 (13.8%)
Echo pattern (n, %) 2608 0271
Heterogeneous 4 (2.2%) 3(2.6%)
Hypoecho 175(95.6%) 113 (97.4%)
Isoecho or Hyperecho 4 (2.2%) 0(0.0%)
Posterior features (n, %) 12.104 0.007
No features 148 (80.9%) 100(86.2%)
Enhancement 22(12.0%) 2(1.7%)
Shadowing 3(1.6%) 5(4.3%)
Combined pattern 10 (5.5%) 9(7.8%)
Calcifications (n, %) 0280 0.597
Absent 26(14.2%) 14(12.1%)
Present 157(85.8%) 102 (87.9%)
Vascularity (n, %) 0.175 0916
Absent 8 (4.4%) 4(3.4%)
Internal vascular 108(59.0%) 70 (60.3%)
Marginal vascular 67(36.6%) 42 (36.2%)

2indicates Fisher exact test results

feature shadowing+0.102*posterior feature combined
pattern+0.009*Emax.

As shown in Table 4, LVI (OR=2.697, P=0.001), pos-
terior feature enhancement (OR=0.134, P=0.008), and
Emax (OR=1.009, P=0.002) were independent predic-
tors of LNM. Among them, tumors with posterior fea-
ture enhancement were less likely to have LNM, whereas
tumors with LVI and larger Emax were more likely to
have LNM.

The ROC curves which are shown in Fig. 2 were used to
analyze the diagnostic efficacy for metastasis. The logistic
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Fig. 1 The SWE values of primary breast cancer in the LNM- (a) and LNM+ (b) groups. (a) SWE values of tumor were 92.5 kPa for Emax, 68.8 kPa for Emean,
6.3 for Eratio, 19.2 kPa for Esd. (b) SWE values of tumor were 169.5 kPa for Emax, 110.4 kPa for Emean, 5.7 for Eratio, 29.7 kPa for Esd

Table 4 Multivariable logistic regression analysis for diagnosis of

LNM+group

Variables Estimate SE Wald OR (95%Cl) p-
X value

Intercept -1.878 0441 18177 0.153(0.063,0.355) <0.001

LVI (Present  0.992 0291 11658 2.697(1.533,4.804) 0.001

vs. Absent)

Posterior

features (No

features is

the refer-

ence group)

Enhance- -2.010 0.757 7.045 0.134(0.021,0478) 0.008

ment

Shadow-  1.230 0763 2597 3.422(0.789,17.615) 0.107

ing

Combined 0.102 0.500 0.041  1.107(0.407,2.96) 0.839

pattern

Emax 0.009 0.003 9334 1.009(1.003,1.015) 0.002

LVIlymphovascular invasion

regression model had optimal diagnostic performance
for metastatic outcome, and the differences between the
logistic regression model and Emax, Emean, Eratio, and
Esd were statistically significant (P<0.05). In terms of the
diagnostic efficacy of individual indicators, Emax had an
optimal diagnostic performance for metastatic outcome,
and the differences between Emax and both Eratio and
Esd were statistically significant (P<0.05), but the dif-
ference between Emax and Emean did not reach statis-
tical significance. The optimum cutoff value of Emax
was 144.455, and the area under the curve (AUC) (95%
CI) was 0.600 (0.533, 0.666), whereas the optimum cut-
off value of the logistic regression model was 0.365. The
AUC (95% CI) was 0.697 (0.636—-0.758), and the sensitiv-
ity (70.7 vs. 54.3), positive predictive value (PPV) (54.0
vs. 50.8), negative predictive value (NPV) (76.9 vs. 69.7),

and accuracy (65.2 vs. 61.9) were all higher than those of
Emax (Table 5). A logistic regression model cutoff 0.365,
71% of women with LNM would be detected, but if used
for clinical decision making, 38% of women with LNM-
disease would be potentially over treated.

A correlation analysis among SWE parameters, CVE
and MLD of 97 patients with primary breast cancer was
conducted (Table 6). Results showed that only CVF and
Emean had a weak negative correlation (Pearson corre-
lation coefficient analysis p=-0.223, P=0.028, Spearman
rank correlation coefficient analysis 7=-0.204, P=0.045).
The correlation between CVF and Emean is shown by a
scatter plot (Fig. 3). There was no correlation between
the SWE parameters and MLD in primary breast cancer
lesions. Figure 4 shows SWE parameters, the expression
of collagen and MLD in LNM- and LNM + patients.

Discussion

The presence of LVI indicates an increased risk of metas-
tasis in breast cancer. Some studies have shown that LVI
is associated with poor prognosis. Although the vascu-
lar density of breast cancer is higher than that of LVD,
tumor emboli are reported to mainly occur in lymphatic
vessels [12]. Zhang et al. [13] showed that the detec-
tion rate of LVI in the LNM+group was higher than
that in the LNM- group, and LVI was a valuable predic-
tor of LNM+in breast cancer. The results of this study
are consistent with the above research. In most clinical
institutions, immunohistochemistry is not routinely used
for preliminary screening of LVI, which limits the clini-
cal application of LVI as a powerful predictor of breast
cancer.

Studies have shown that tumor size is an independent
predictor of LNM [14]. This research also confirms this
viewpoint. The larger the tumor is, the larger the area
of adjacent tissues invaded by cancer is, and the higher
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Fig. 2 ROC curve for Emax, Emean, Eratio, Esd and logistic model to diagnosis LNM + of IBC. The logistic model has reliable application value (AUC=0.697;
95% C1=0.636-0.758). ROC receiver operating characteristic, IBC invasive breast cancer, AUC area under the curve, Cl confidence interval

Table 5 The diagnostic performance for the LNM +group with the optimal cutoff values

Variables Cutoff value AUC(95%Cl) Sensitivity(%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
Emax 144.455 0.600 (0.533,0.666) ° 543 66.7 50.8 69.7 619
Emean 116.730 0.517 (0.450-0.584) °° 45.7 64.5 449 65.2 57.2
Eratio 8.850 0488 (0.421-0.555 62.1 432 409 64.2 50.5
Esd 10.595 0.498 (0.431-0.565 853 208 40.6 69.1 458
Logistic model 0.365 0.697 (0.636-0.758) © 70.7 61.7 54.0 76.9 65.2

abe stands for Delong’s test, and there is no statistically significant difference in AUC between the same labeled indexes

Table 6 The correlation analysis among SWE parameters, CVF

and MLD
Vari- Vari- P p-value r p-value
ables1 ables2 (Pearson) (Spear-
man)
MLD Emax 0.02 0.847 0.026 0.8
MLD Emean 0016 0.876 -0.042 0.685
MLD Eratio 0.08 0436 0.093 0.367
MLD Esd 0114 0.064 0.016 0.878
CVF Emax -0.15 0.143 -0.092 037
CVF Emean  -0.223 0.028 -0.204 0.045
CVF Eratio -0.032 0.754 0.001 0.991
CVF Esd 0.108 0.293 0.108 0.292
CVF MLD 0.084 0412 0.08 0439

MLD microlymphatic density, CVF collagen volume fraction

the risk of LNM is [15]. Posterior feature enhancement is
related to the relative retention of transmitted ultrasound
in the distal part of the mass [16]. Fluid, mucus, hemor-
rhage, or necrosis may usually lead to the appearance of
posterior feature enhancement [17, 18]. When the cells
in the tumor are loosely arranged, the fibrous interstitial
component is small, or the distribution is not uniform,
additionally there is liquefaction and necrosis inside the
tumor, the echo behind them shows a combined pattern
or even enhancement, which is considered to indicate
relatively weak invasion and infiltration capacity. This
study confirmed that patients in the LNM- group were
more likely to exhibit posterior feature enhancement.
Most previous studies [19-23] have provided the
optimal cutoff values for the diagnosis of the malignant
group. Wen et al. [24] reported that there was a significant
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Fig. 3 The scatter plot showed a weak negative correlation between CVF and Emean (p = — 0.223, p=0.028). CVF collagen volume fraction

Fig. 4 SWE parameters (g, d), the expression of collagen (b, e, x100) and MLD(c, f, x100) in LNM- (a, b, ¢) and LNM + patients (d, e, f). MLD microlymphatic
density
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difference in SWE values between the LNM +group and
the LNM- group. Our study confirmed this conclusion.
However, the optimal cutoff values of Emax, Emean, and
Eratio for diagnosing LNM +were 111.05 kPa, 79.80 kPa,
and 6.89, respectively, which were lower values than the
ones we found. This might have been due to the different
probe frequencies. Although SWE has a high reproduc-
ibility within and between observers [25], SWE values
vary between and within observers. The cause might also
be the Q-box. We put the Q-box in the hardest part of
the peritumoral lesions whereas Wen put it in the hardest
of the mass. However, the diagnostic accuracy of Emax
in this research was low, so we tried to combine multiple
indicators which were described as the logistic regression
model to improve the diagnosis of LNM more effectively.

In recent years, several studies have included correla-
tion analyses between SWE and collagen. Xue et al. [26]
found that collagen expression was significantly differ-
ent in benign and malignant breast lesions. The expres-
sion of collagen was positively correlated with Emax but
not with Emean. However, there was no difference in the
expression of collagen between the LNM+and LNM-
groups. Wang et al. [27] found that Emax was positively
correlated with the collagen fiber component. Wen et
al. [24] reported that the CVF of breast cancer patients
with LNM+was significantly higher than that of those
with LNM-, and Emax, Emean, and Eratio were positively
correlated with CVE. According to shape and arrange-
ment characteristics, Shi et al. [28] divided collagen fibers
into four categories, and the results showed that colla-
gen fibers themselves and their arrangement or integrity
affected the elasticity of tissues. The results of this study
showed that Emean and CVF had a weak negative cor-
relation, which was inconsistent with the above results.
This might have been due to the different inclusion crite-
ria of patients and the different placement of the Q-box.
Further studies are needed on the correlation between
collagen and SWE values in breast cancer.

The role of intratumoral and peritumoral lymphatic
vessels in the development of breast cancer has long been
controversial. In the peritumoral stroma, there is inflam-
mation and dilation of the lymphatic vessels, which are
the main routes for cancer cell transmission. In contrast,
the existence of intratumoral lymphatic vessels is unclear,
and most of the intratumoral lymphatic vessels are sparse,
dysfunctional and collapsed pipelines that are long and
narrow or atretic, and not conducive to lymphatic drain-
age or cell migration [29]. Zhang et al. [13] believed that
compared with intratumoral LVD, peritumoral LVD was
more strongly correlated with LVI and LNM, and peri-
tumoral lymphatic vessels were the main transmission
route of breast tumor cells. In this study, the primary
concern was pericancerous MLD, and it was found that
the parameters of SWE in primary breast cancer were
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not related to MLD. In addition, there was no significant
correlation between CVF and MLD. However, Cha et al.
[30] found that the Emean of breast cancer was related
to MLD. The controversial conclusions might have been
because this study only focused on the peri-cancerous
SWE value and the expression of CVF and MLD but did
not pay attention to the parameters of SWE in the stiff-
ness part of the primary breast cancer (possibly intratu-
mor or peritumor). Therefore, an expanded sample size
and further studies are needed to explore the correlation
between MLD and SWE parameters intratumorally.

There are some limitations in this study. This was a
single-center study, which required more samples from
multiple centers to obtain accurate diagnostic reference
values of SWE. Eligible patients undergoing NAC were
not included in the study, which might have resulted in
bias. In the research, the final pathological results of all
axillary lymph nodes in patients were not available due
to the non-routine performance of ALND on patients
with negative sentinel lymph node biopsy, and they were
presumed to be free from LNV, it perhaps made the
positive lymph nodes initially missed which could cause
measurement error in coding LNM status. In the study of
the correlations among SWE parameters, CVF, and MLD,
only peritumor parameters were evaluated, and subse-
quent intratumoral analysis of related parameters is still
needed.

Conclusions

In conclusion, the logistic regression model can help us
to determine LNM, thus providing more imaging basis
for the selection of preoperative treatment. The SWE
parameter of the primary breast cancer lesion cannot
reflect the peritumoral lymphangiogenesis, and we still
need to find a new ultrasonic imaging method.
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