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Background: Sentinel lymph node biopsy (SLNB) is the standard procedure for axillary staging in 
clinically node-negative (cN0) breast cancer patients. The positive rate of SLNs in cN0 stage patients ranges 
from 20.5% to 25.5%, so identifying appropriate candidates for SLNB is quite challenging. The aims of 
this study were to assess whether contrast-enhanced ultrasound (CEUS) could be utilized to noninvasively 
predict SLN metastasis, and to explore the predictive value of the involved factors.
Methods: Between May 2016 and May 2018, 217 consenting breast cancer patients undergoing SLNB 
were enrolled. Before the surgery, CEUS was utilized to identify the SLNs, and predict whether metastasis 
had occurred according to their enhancement pattern. Blue dye was also used to identify the SLNs during 
SLNB. The rates of identification and accuracy of both methods were recorded. The predictive outcomes of 
SLNs identified by CEUS were recorded and compared with the pathological diagnosis.
Results: Of the 217 cases, SLNs in 212 cases were successfully identified, comprising 208 cases identified 
by CEUS and 206 cases by blue dye, with no significant difference between the two methods (P=0.6470). 
A total of 78 cases were predicted SLN-positive preoperatively by CEUS, comprising 61 cases of SLN 
metastasis confirmed by pathology and 17 cases of no SLN metastasis, and 130 cases were predicted 
SLN-negative by CEUS, comprising 6 cases of SLN metastasis and 124 cases of no SLN metastasis. The 
sensitivity of CEUS preoperative prediction was 91.0%, the specificity was 87.9%, the positive and negative 
predictive values were 78.2% and 95.4%, respectively, and the accuracy was 88.9%. The maximum diameter 
size of positive SLNs predicted by CEUS was greater than that of negative SLNs (mean value 1.67±0.06 vs. 
1.40±0.05 cm, P=0.0007). Similarly, the primary tumor size predicted SLN-positive by CEUS was greater 
than that in patients with negative SLNs (mean value 2.64±0.12 vs. 1.79±0.09 cm, P<0.0001).
Conclusions: CEUS accurately identified SLNs and can be used to noninvasively predict SLN metastasis 
in early-stage breast cancer patients. However, the primary tumor size and the SLN size should not be 
overlooked by clinicians when judging the status of SLNs. This novel method may be a recommended 
strategy for identifying appropriate SLNB candidates.
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Introduction 

Axillary staging is a major survival predictor of breast 
cancer patients. The treatment protocols and prognosis of 
breast cancer are based on the axillary lymph node (ALN) 
status (1,2). ALN dissection (ALND) has been the standard 
method of assessing ALN status (3), but had associated 
complications such as upper extremity dysfunction, 
lymphedema, paresthesia and pain, which can affect patients’ 
quality of life (4,5). Since the application of sentinel lymph 
node biopsy (SLNB) (6,7), multiple studies have suggested 
that SLNB can accurately reflect ALN status (8,9). Early-
stage breast cancer patients who only underwent SLNB 
exhibited the same regional control, disease free survival and 
overall survival as patients who underwent ALND (10-12).  
Moreover, less complications occurred compared with the 
patients who underwent ALND (4,13). Hence, SLNB is 
recommended by the National Comprehensive Cancer 
Network (NCCN) guidelines as the standard procedure 
for axillary staging in clinically node-negative (cN0) breast 
cancer patients (14).

Currently,  patients  with cN0 stage are usual ly 
diagnosed through physical examination, and conventional 
ultrasound and mammography (15). However, the criteria 
for identifying cN0 stage patients are controversial. The 
positive rate of SLNs in cN0 stage patients who undergo 
SLNB ranges from 20.5% to 25.5% (16,17). How to 
noninvasively identify appropriate candidates for SLNB 
is quite challenging. Although some studies attempted 
to demonstrate the feasibility of magnetic resonance 
imaging (MRI) to predict SLN metastasis in breast cancer 
(18,19), there has not been consensus on the use of MRI 
or recommendation in the NCCN guidelines, because of 
the lack of evidence. The tracers used clinically to detect 
SLNs are at present blue dye, technetium-99m (99mTc) 
sulfur colloid, and indocyanine green fluorescence, but they 
cannot be used to judge the status of SLNs (20,21) or to 
identify SLNB candidates.

Contrast-enhanced ultrasound (CEUS) is used to 
characterize lesions of according to the enhancement 
pattern of microbubble contrast agents (22). It is an 
established method to quantify hemodynamics and to 
diagnose hepatocellular carcinoma, prostate cancer, 
pancreatic tumors, and kidney disease (23-26). Other 
studies have demonstrated that CEUS is a feasible and safe 
method for the identification and localization of SLNs in 
breast cancer patients (27,28). Additionally, some previous 
studies have indicated the value of the CEUS enhancement 

patterns for recognizing metastasized SLNs (28,29). To 
our knowledge, there are few prospective studies assessing 
the accuracy of preoperative prediction of SLN metastasis 
utilizing CEUS and the related factors influencing the 
prediction. 

In the present study, we focused on the feasibility and 
accuracy of predicting SLN metastasis utilizing CEUS and 
the value of the primary tumor and SLN sizes for predicting 
SLN metastasis and attempted to assess whether CEUS 
can be utilized to noninvasively predict SLN metastasis and 
identify appropriate SLNB candidates. 

We present the following article in accordance with the 
MDAR checklist (available at http://dx.doi.org/10.21037/
gs-20-867).

Methods

Patients

This nonrandomized prospective study was performed 
in accordance with the Declaration of Helsinki (as revise 
in 2013) and approved by the Ethics Committee of the 
Affiliated Cancer Hospital of Zhengzhou University. All 
eligible patients were willing to undergo all study procedures 
and provided written informed consent prior to enrolment. 
The study was conducted between May 2016 and May 
2018. Study participation was offered to women who 
met two criteria: (I) invasive breast carcinoma confirmed 
by histopathology from biopsy or resection specimen; 
and (II) clinically negative ALNs (cN0) through physical 
examination by two experienced breast surgeons (Jianghua 
Qiao and Zhenduo Lu) and conventional ultrasonography. 
The exclusion criteria were: (I) inflammatory breast cancer; 
(II) obviously enlarged ALNs or positive ALN confirmed 
by puncture pathology; (III) received neoadjuvant therapy 
previously; and (IV) undergone previous breast surgery or 
axillary surgery. We included a final cohort of 217 women 
(age range 29–72 years; mean age 47.5 years), all of whom 
had unilateral breast lesions.

CEUS and image analysis

Ultrasonography was performed with a Philips IU22 
ultrasound system (Philips, The Netherlands) equipped 
with high-frequency linear array probes (L 5–12 Hz) and 
contrast pulse sequences. Sulfur hexafluoride microbubbles 
(Sonovue, Bracco Imaging, Italy) were used as the  
contrast agent.

http://dx.doi.org/10.21037/gs-20-867
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The CEUS examination and image analysis were 
performed by two experienced sonographers (Xiaoxia Guo 
and Xiaolin Bian), who were blinded to the patients’ clinical 
data. The CEUS procedure was performed according to 
previous studies (28,30). Briefly, after local anesthesia of the 
areola area, approximate 0.5 mL contrast agent was injected 
intradermally at 3, 6, 9, and 12 o’clock around the areola and 
the injection area was appropriately massaged for 15 s. The 
ultrasonic probe tracked the enhanced lymphatic channels 
from the areola area to the axillary area. The first enhanced 
LNs were recorded as SLNs. Once identified, lymphatic 
channels and SLNs were marked on the skin surface, and 
the size and number of SLNs were recorded. If a lymphatic 
channel or LN was not detected successfully, the process was 
repeated.

There were three types of enhancement pattern of 
the SLNs: type I, homogeneous enhancement; type II, 
inhomogeneous enhancement, with hypoperfused or 
nonperfused area; and type III, weak or no enhancement (29). 
In this study, type I SLNs were identified as negative nodes, 
and type II or III SLNs were identified as positive nodes. 
When the enhancement pattern was inconsistent between 
the two sonographers, a consensus was reached through 
discussion.

Surgical management of SLNs

After signing the informed consent for surgery, a standard 
SLN biopsy was performed by two well-trained breast 
surgeons (Jianghua Qiao and Zhenduo Lu) according to 
previous studies (28-30). Briefly, after induction of general 
anesthesia, 0.5 mL methylene blue (Yookon, Beijing, China) 
was immediately injected intradermally in the periareolar 
upper outer quadrant region and 10 min later, an arc 
incision of the axilla was made along the lateral margin of 
the pectoralis major muscle. The blue-stained lymphatic 
channels were tracked to the axilla until the blue-stained 
LNs appeared. Their location, morphology and size were 
recorded in detail for comparison with the CEUS markers 
on the skin surface, and confirmation of the same LNs.

All the blue-stained, CEUS marked and suspicious LNs 
were excised and numbered according to the following 
categories: (I) both CEUS marked and blue-stained LNs 
(CEUS+/Blue+); (II) only CEUS marked LNs (CEUS+/Blue–); 
(III) only blue-stained LNs (CEUS–/Blue+); (IV) neither 
CEUS marked nor blue-stained LNs (CEUS–/Blue–). The 
SLNs of categories (I–III) were sent for frozen and paraffin 
pathological examination. The surgical procedure continued 

as standard ALND if the SLNs were proved positive. The 
patients in category (IV) underwent ALND immediately, 
regardless of pathology.

Statistical analysis

Statistical analysis was performed using Graphpad Prism 
software version 6.02 (Graphpad Software, Inc. La Jolla, 
CA, USA). Chi-square test or Fisher’s exact test was used 
to compare the identification rate, which was defined as 
the proportion of patients with SLNs identified by either 
method. The independent samples t-test was used to 
compare means of continuous normal data. The diagnostic 
indices included sensitivity, specificity, positive-predictive 
value (PPV), negative predictive value (NPV), accuracy and 
the mean area under the receiver operating characteristic 
curves (AUC). All statistical tests were two-sided, and a P 
value <0.05 was considered statistically significant.

Results

Clinicopathological characteristics

A total of 217 patients with breast cancer were enrolled in 
the study (age 29–72 years, mean 47.5 years). Regarding 
menstrual status, 135 (62%) patients were premenopausal, 
and 82 (38%) patients were postmenopausal. The pathology, 
histologic grade, estrogen/progesterone receptor (ER/
PR) expression, human epidermal growth factor receptor-2 
(HER-2) expression, molecular subtype of breast cancer, 
primary tumor size and SLN status are shown in Table 1. 
Standard ALND was performed in 72 cases, including 67 
patients with positive SLNs and 5 patients with SLNs not 
found. ALN involvement was confirmed in 69 cases by 
paraffin pathology. According to the Tumor-Node-Metastasis 
(TNM)-based staging of breast cancers, 45 cases were 
categorized as N1 stage (1–3 ALNs with metastasis), 21 cases 
were N2 stage (4–9 ALNs with metastasis), and 3 cases were 
N3 stage (>9 ALNs with metastasis).

SLN detection

Of the 217 cases, SLNs in 212 cases were successfully 
identified, comprising 208 cases identified by CEUS and 
206 cases by blue dye. The identification rates of CEUS, 
blue dye, and the combined method were 95.9% (208/217), 
94.9% (206/217), and 97.7% (212/217), respectively 
(P=0.6470). Even though neither CEUS nor the blue dye 
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detected SLNs preoperatively in the remaining five cases, 
suspicious LNs were identified during SLNB, leading to 
immediate ALND regardless of pathology. 

In total, 564 LNs were excised, consisting of 491 SLNs 

and 73 non-SLNs. CEUS detected less SLNs than the 
blue-dye method (258 vs. 442). The mean number of 
SLNs detected by CEUS and blue dye was 1.2 and 2.1, 
respectively. According to the pathologic evaluation of 
SLNs, the positive rate of SLNs identified by CEUS was 
38.0% (98/258), significantly higher than that of blue dye 
(21.8%, 103/442) (P<0.0001) (Table 2).

Accuracy of CEUS preoperative prediction

Pathologic evaluation of SLNs is the gold standard. Among 
the 208 patients identified by CEUS, 78 were predicted 
SLN-positive preoperatively by CEUS, comprising 61 
patients (78.2%) with SLN metastasis confirmed by 
pathology and 17 (21.8%) without SLN metastasis, while 
130 were predicted SLN-negative by CEUS, comprising 
6 patients (4.6%) with SLN metastasis and 124 (95.4%) 
without SLN metastasis (Figure 1). The sensitivity, 
specificity, PPV, NPV, positive likelihood ratio (+LR) and 
negative likelihood ratio (–LR) of CEUS preoperative 
prediction were 91.0% (61/67), 87.9% (124/141), 78.2% 
(61/78), 95.4% (124/130), 7.55 and 0.10, respectively. The 
accuracy of CEUS preoperative prediction was 88.9% 
(185/208). The AUC was 0.895 (95% confidence interval, 
0.845–0.933).

Effects of the size of the SLNs and primary tumor on 
CEUS preoperative prediction

CEUS method detected 258 SLNs ultimately. A total 
of 107 SLNs were predicted positive preoperatively by 
CEUS, and 151 were predicted negative. The mean value 

Table 1 Characteristics of the primary tumor and SLNs (n=217)

Characteristics N (%)

Pathology

DCIS 13 (6.0)

IDC 193 (88.9)

ILC 4 (1.8)

Other 7 (3.2)

Histologic grade

G1 39 (18.0)

G2 136 (62.7)

G3 42 (19.3)

ER/PR expression

Negative 66 (30.4)

Positive 151 (69.6)

HER-2 expression

Negative 162 (74.7)

Positive 55 (25.3)

Molecular subtype

Luminal A 31 (14.3)

Luminal B-HER2 (–) 97 (44.7)

Luminal B-HER2 (+) 26 (12.0)

HER2 overexpression 29 (3.3)

Basal-like 34 (15.7)

Tumor size

Tis 17 (7.8)

T1 171 (78.8)

T2 29 (13.4)

SLN status

Negative 145 (66.8)

Positive 67 (30.9)

Not found 5 (2.3)

DCIS, ductal carcinoma in situ; ER/PR, estrogen/progestrone 
receptor; HER-2, human epidermal growth factor receptor-2; 
IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; 
SLN, sentinel lymph node.
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of the SLN maximum diameter size was 1.67±0.06 and  
1.40±0.05 cm, respectively, with a statistically significant 
difference (P=0.0007) (Figure 2). The primary tumor size 
was 0.5–4.8 cm (average 2.09 cm). A total of 78 cases were 
predicted SLN-positive preoperatively by CEUS, and 130 
were predicted SLN-negative. The mean value of the primary 
tumor size was 2.64±0.12 and 1.79±0.09 cm, respectively, 
with a statistically significant difference (P<0.0001) (Figure 2).

Discussion

Axillary staging is the basis of breast cancer treatment 
protocols. For cN0 breast cancer patients, SLNB is 
recommended as the standard procedure for axillary 
staging (2). In general, patients with SLN pathological 
metastasis should undergo ALND, whereas the patients 
without metastasis do not need it. According to the 
updated American College of Surgeons Oncology Group 
(ACOSOG) Z0011 trial and the International Breast Cancer 
Study Group (IBCSG) 23-01 trial data, breast cancer 

patients with a T1 or T2 tumor and 1 or 2 positive SLNs 
who are treated with breast-conserving surgery, whole-
breast radiotherapy and systemic therapy do not need to 
undergo ALND (31,32). However, the identification criteria 
for such patients are crucial. The trauma of breast cancer 
surgery is lessening but without a change in treatment 
outcome (33). The challenge is to noninvasively and 
accurately identify appropriate candidates for SLNB.

By comparing the identification of SLNs by CEUS 
and the blue-dye method, we found they detected 95.9% 
(208/217) and 94.9% (206/217), respectively, with no 
significant difference. CEUS detected 258 SLNs, which was 
fewer than by the blue-dye method (442 SLNs). However, 
the positive rate of SLNs identified by CEUS was 38.0% 
(98/258), significantly higher than with blue dye (21.8%, 
103/442). CEUS is real-time imaging and can dynamically 
display the lymphatic vessels and enhanced LNs, which 
enables the SLNs to be easily identified and located (34). 
Although CEUS detected fewer SLNs than the blue-dye 
method, nevertheless, there was no significant difference 

Table 2 Classification of SLNs by CEUS and blue-dye method

Classification No. of cases (%) No. of lymph node (%) No. of positive SLNs

CEUS+/Blue+ 202 (93.1) 209 (37.1)a 95

CEUS+/Blue– 6 (2.8) 49 (8.7)a 3

CEUS–/Blue+ 4 (1.8) 233 (41.3)a 8

CEUS–/Blue− 5 (2.3) 73 (12.9)b 0

Total 217 564 106
a, SLNs; b, non-SLNs. CEUS, contrast-enhanced ultrasonography; SLN, sentinel lymph node.
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between them in the identification rates. However, SLNB 
utilizing the CEUS method probably resulted in less 
physical trauma than the blue-dye method.

In addition to comparing the identification by CEUS and 
the blue-dye method, we also compared the predictive results 
for SLNs by CEUS and the pathological results of SLNB. 
We found that among the 208 patients identified by CEUS, 
78 were predicted SLN-positive preoperatively by CEUS, 
comprising 61 (78.2%) with SLN metastasis confirmed by 
pathology and 17 cases (21.8%) without SLN metastasis. Of 
the 130 patients predicted SLN-negative by CEUS, 6 (4.6%) 
had SLN metastasis and 124 (95.4%) did not according to 
the pathologic diagnosis. These findings indicated that if 
the SLN-negative results predicted by CEUS were used as 
the treatment basis, approximately 4.6% of patients may be 
at risk of undertreatment because of the underestimation 
of SLNs pathology, which is much less that the 25.6% 
of patients diagnosed ALN-negative by conventional 
ultrasound in a previous study (17). Of the 6 cases of missed 
diagnosis, 4 were confirmed to have micrometastases by final 
histopathology (diameter <2 mm). Micrometastasis may not 
visibly destroy the normal structure of LNs, so would not 
show distinct changes in the CEUS enhancement pattern. 

In clinical decision-making, whether the LNs are 
involved or not is judged mainly by sonographers, who are 
usually unfamiliar with the clinicopathological features that 
are widely used to indicate the malignancy of breast cancer. 
These features include menstrual status, pathological type, 
ER/PR and HER-2 status, Ki-67 index and the molecular 
subtype (35). Even though many studies have investigated 
the relationship between the clinicopathological features 
and SLN metastasis, which has value for clinicians 
(16,36,37), they give limited assistance to sonographers 
in making clinical decisions. However, features including 
the size of SLNs and the primary tumor can be directly 
obtained through ultrasonography and are well known 
to sonographers. Hence, we attempted to determine 
whether these factors could affect clinical decision-making 
based on CEUS results. Unexpectedly, we found that the 
mean maximum diameter of positive SLNs detected by 
CEUS was greater than that of the negative SLNs, with 
a significant difference. Likewise, the primary tumor size 
predicted as SLN-positive preoperatively by CEUS was 
greater than in the negative SLNs cases, with a significant 
difference. To our knowledge, no publication has presented 
the relationship between SLN size, primary tumor size 
and SLN metastasis predicted by CEUS. The SLN size 
and primary tumor size should not be overlooked by 

sonographers in judging the SLN status.
According to the updated the NCCN Guidelines for 

Breast Cancer, SLNB has become the standard procedure 
for axillary staging in cN0 breast cancer patients (14). Others 
have tried to develop noninvasive or less invasive methods to 
replace SLNB, such as contrast-enhanced MRI and CEUS-
guided fine-needle aspiration or core biopsy (18,38-40). 
However, further prospective studies with larger samples 
are still needed. We believe that SLNB is unlikely to be 
replaced by other noninvasive or less invasive methods at 
present because of the gold standard role of histopathology. 
Consequently, our aim was to assess whether CEUS could be 
utilized to noninvasively predict SLN metastasis and identify 
SLNB candidates rather than the feasibility of SLNB being 
replaced by CEUS. Our study showed that the sensitivity of 
preoperative prediction by CEUS was 91.0%, the specificity 
was 87.9%, the PPV and NPV were 78.2% and 95.4%, 
respectively, and the accuracy was 88.9%. Our findings are 
consistent with those from previous studies (41,42). Although 
the accuracy and NPV are almost acceptable in clinical 
practice, SLN-negative results predicted by CEUS should 
not be the evidence for exemption from SLNB. Conversely, 
combining some factors such as SLN size and primary 
tumor size with CEUS predictive results may help identify 
the patients with SLN-positive results, who should undergo 
ALND directly with omission of SLNB. 

In our study, we mainly recruited cN0 breast cancer 
patients, the criteria for which are controversial. This study 
might contain a slight selection bias. In addition, all the 
data for this study were from a single hospital. Further 
multicenter, randomized controlled and prospective studies 
with larger samples are required.

Conclusions

CEUS is an accurate method for SLN identification and 
can be used to noninvasively predict metastasis in early-
stage breast cancer patients. However, the size of both the 
primary tumor size and the SLNs should not be overlooked 
by clinicians when judging the SLNs status. This novel 
method may be a recommended strategy for identifying 
appropriate SLNB candidates.
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