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Introduction

Currently, the incidence of breast cancer ranks the first 
among female malignancies worldwide, posing a serious 
threat to women’s health (1). In China, breast cancer is 
the main cause of death in women under 45 years old (2). 
With the development of precision breast surgery and 
standardized comprehensive treatment of breast cancer, 

breast surgery tends to be more individualized, minimally 
invasive, and standardized, that is, on the premise of 
improving the expected survival of patients, following the 
principle of minimum effectiveness and reducing the trauma 
of patients.

Axillary sentinel lymph node biopsy (SLNB) has become 
the key means of minimally invasive assessment of axillary 
lymph nodes (ALNs) status in EBC patients (3), which 
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can reduce complications such as affected side upper 
limb edema and paresthesia caused by ALN dissection 
(ALND). In patients with negative ALNs after NAT, if 
more than three SLNs are removed intraoperatively, or if 
a marked lymph node is included in the removed SLNs, 
the intraoperative false negative rate (FNR) of SLNBs can 
be reduced to 7–10% (4,5). Meanwhile, ALND can be 
avoided in patients with negative SLNB (6,7), and there 
is no significant difference in prognosis between the two 
surgical methods (8). Therefore, application of the marker 
technique to accurately locate ALN has become a clinical 
hotspot.

Although some studies have explored the success rate of 
ultrasound (US)-guided placement of markers, no further 
studies have been conducted on breast cancer patients with 
different clinical stages. Therefore, the enrolled patients in 
this study were divided into the early breast cancer (EBC) 
group and the neoadjuvant therapy (NAT) group, aiming to 
systematically explore the technique of US-guided marker 
placement in axillary SLNs, and to analyze the success rate, 
complications, imaging detection rate, and marker shift 
rate, so as to evaluate the feasibility and accuracy of this 
technique.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/gs-21-598).

Methods

Collection of patients’ clinical data

A total of 294 patients diagnosed with breast cancer who 
were admitted to the Breast Center of the Fourth Hospital 
of Hebei Medical University from April 2015 to August 
2020 were enrolled. Due to the differences in ultrasonic 
manifestat ions ,  marker  placement  di f f icul ty  and 
intraoperative treatment of ALNs between patients 
with EBC and patients with locally advanced breast 
cancer, the patients were divided into two groups, 
including 87 EBC patients with negative ALN (ALN−) 
(aged 50.1±9.9 years; range, 29–71 years) and 207 NAT 
patients with positive ALN (ALN+) (aged 47.7±10.3 years; 
range, 28–70 years). Patients with a history of breast cancer, 
breast surgery, and NAT or regional breast radiation 
therapy were excluded. Nine patients in NAT group were 
excluded because of giving up surgery after NAT due to 
their own reasons. The clinicopathological data of the 
two groups are shown in Table 1. The study protocol was 

approved by the ethics committee at the Fourth Hospital 
of Hebei Medical University (2021KS033), and informed 
consent was obtained from each patient. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013).

Core needle biopsy (CNB) and marker placement

The patient was placed in the supine position and the upper 
arm was lifted to fully expose the axilla, with a shoulder 
pad on the affected side. The US images of ALNs were 
acquired with a L12-5MHz linear array probe from IU22 
and eL18-4MHz linear array probe from EPIQ 7 (Phillips 
Ultrasound, Inc., Bothell, WA, USA) and recorded. After 
routine disinfection and local anesthesia, US-guided CNB 
of the target lymph node in the sentinel area of the axilla 
was done with an 18 G core biopsy needle (MN1810, Bard, 
Tempe, AZ, USA) to obtain 2–3 tissues for pathological 
examination. Immediately after CNB or pathological 
diagnosis of ALN metastasis, the marker (864017D, Bard, 
Tempe, AZ, USA) was placed into the target lymph node 
(Figure 1A,1B), and a tattoo on the skin was applied to 
facilitate follow-up the marked ALN during NAT.

The following points should be paid attention to 
when marker is placed: firstly, marker should be placed 
in the thicken cortex of target lymph node; secondly, 
release the marker horizontally to obtain the maximum 
ultrasonic reflection interface which contribute to follow 
up exploration; thirdly, remove the puncture needle slowly 
to avoid the shift of marker; finally, the position of marker 
should be recorded in detail, especially when there are 
multiple targets, tattoo can be carried out to facilitate 
follow-up.

The success rate of marker placement, complications, 
imaging detection rate, and displacement rate were 
recorded. Complications included bleeding, pain, infections, 
allergies, or psychological disturbances. In the NAT group, 
US and computer tomography (CT)/magnetic resonance 
imaging (MRI) (SIEMENS SOMATOM Force/SIEMENS 
MAGNETOM Spectra) were used to evaluate the efficiency 
during NAT, and to detect the marker. A postoperative 
straight-line distance between the marker and the target 
lymph node of >10 mm was regarded as shift (9).

SLNB and ALND

Methylene blue (2 mL) was injected subcutaneously 
around the breast mass or the areola, and local massage was 
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performed for 10 second. A SLN was identified as a patent 
blue colored lymph node under naked eyes. All blue-stained 
lymph nodes were removed and preoperatively marked 
lymph nodes were confirmed to be resected (Figure 2). If no 

marker was removed during the operation, the breast tissue 
and ALN specimen were examined by X-ray to determine 
the marker presence, and then sent to the pathology 
department for detection.

Table 1 Demographic and baseline characteristics of the patients

Variables Total EBC, n (%) NAT, n (%)

No. of cases 285 87 198

Age (years)

Median 48.4 50.1 47.7

≤49 157 42 (48.3) 115 (58.1)

>49 128 45 (51.7) 83 (41.9)

Tumor size (cm)

Median 3.1 2.2 3.5

≤2.8 107 57 (65.5) 50 (25.3)

>2.8 178 30 (34.5) 148 (74.7)

Positive ALNs

Yes 82 9 (10.3) 73 (39.5)

Molecular subtypes

Luminal A 49 23 (26.4) 26 (13.1)

Luminal B HER-2(−) 106 30 (34.5) 76 (38.4)

Luminal B HER-2(+) 57 14 (16.1) 43 (21.7)

HER-2 overexpression 43 11 (12.6) 32 (16.2)

Triple negative 30 9 (10.3) 21 (10.6)

EBC, early breast cancer; NAT, neoadjuvant therapy; ALN, axillary lymph node.

A B

Figure 1 Ultrasonographic image of ultrasound-guided marker placement in the lymph node (A), and a tattoo (arrow) was applied to the 
body surface (B).
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Statistical analysis

Data were expressed as numbers and percentages, and all 
statistical analyses were performed using SPSS 21.0 software. 
All patients with disease progression were excluded. Marker 
shift rates in the EBC and NAT groups were analyzed using 
χ2 test, and P<0.05 was considered statistically significant.

Results

The success rate of marker placement

All the enrolled patients were successfully undergone 
US-guided marker placement with 100% success rate of 
placement. During the marker placement process and 
the follow-up observation period, there was no underarm 
hemorrhage, local hematoma, obvious pain, allergy, or 
psychological disorders, as reported by previous studies. 

Excluding 9 patients who progressed, a total of  

285 patients eventually underwent surgery. The patients in 
the EBC group underwent SLNB or ALND and those in the 
NAT group received ALND or SLNB+ALND after NAT. 

The detection rate of marker

In the EBC group, the marker in the target lymph node was 
preoperatively detected by US and CT/MRI with 100% 
(87/87) detection rate. In the NAT group, the marker 
detection rate by US was 98.5% (195/198), and that by CT/
MRI was 100% (198/198).

The shift rate of marker

In the EBC group, three markers were shifted to around 
axillary soft tissue, with 3.4% (3/87) shift rate. In the NAT 
group, three markers were shifted with 1.5% (3/198) shift 
rate, including two markers detected around axillary soft 
tissue, and one marker in the tail of spence (Figure 3). There 
was no statistical difference in the marker shift rate between 
the EBC and NAT group (P=0.374) (Table 2). Regardless 
of the normal ALNs in the EBC group or the abnormal 
ALNs in the NAT group, the marker could be safely and 
accurately placed by US guidance, with low shift rate.

Discussion

Marker is a kind of small sterile metal clips, which is 
only 3 mm in length and placed percutaneously in target 

Figure 2 Intraoperative SLN specimen (showing the marker in the 
marked lymph node, red circle). SLN, sentinel lymph node.

Figure 3 Marker at the tail of the spence detected by X-ray.

Table 2 Marker shift rate comparison between the EBC and NAT 
groups

Group
Marker shifted

Total P
No Yes

EBC 84 3 87 0.374

NAT 195 3 198

Total 279 6 285

EBC, early breast cancer; NAT, neoadjuvant therapy.
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lesions (such as breast tumor or lymph node) under image 
guidance. As early as the 1990s, some scholars have used 
metal markers to locate biopsy sites (10). In recent years, it 
has been routine to place markers after CNB breast lesions 
abroad, which contributes to follow-up of the lesions and 
subsequent surgical resection (11-14). With the application 
of targeted therapy, more than half of breast cancer patients 
can achieve pathological complete response (pCR) after 
NAT (15,16), and thus, the location of the tumor bed of 
the primary tumor and metastatic ALNs are particularly 
important for imaging and pathological evaluation (17). US-
guided marker placement in ALNs prior to NAT has been 
initially used in some countries; however, there is no large 
sample data on the timing, number, accuracy of location, 
and complications of marker placement, and the high cost 
of the marker may restrict its application. This study aimed 
to analyze the accuracy, complications, detection rate, and 
shift rate of ALN markers in a relatively large sample.

Markers have developed from simple metal materials 
to alloys materials supplemented by a polyvinyl alcohol 
(PVA) strip to increase the stability of marker positioning. 
Furthermore, the shapes of markers have also been updated 
from two-dimensional shapes (such as ribbon, loop, and 
wing-like) to spherical three-dimensional markers, which 
not only increases the effect of hemostasis and fixation, but 
also improves its stability and detection rate (18). 

In this study, 97.9% (279/285) patients underwent 
accurate ALN marker positioning postoperatively, including 
the positioning accuracy of 96.6% (84/87) in EBC group 
and that of 98.5% (195/198) in NAT group, respectively. 
The accuracy of ALN marker positioning was high. This 
procedure is conducive to rapid intraoperative localization 
and accurate excision of ALNs. Two kinds of markers 
were used, among which 92 patients placed ribbon marker 
and 202 patients placed loop marker. Among the six shift 
markers, four markers were ribbon, and the others were 
loop. In addition to the factor of the first generation ribbon 
marker inserted into small lymph node, marker shift was 
also related to ribbon marker’ small volume and relatively 
poor reliability for positioning. In addition, the ultrasonic 
reflection interface of loop markers is stronger than that of 
ribbon markers, which is convenient to detect the marked 
ALN and observe lesions during follow-up. 

Marker shift is the most concerning problem after 
placement. For EBC patients, the common cause of 
displacement is due to the “accordion effect” (19). That is, 
when a marker is placed under commonly used imaging 
guidance methods, such as X-ray and US, the breast 

and ALN areas are in a state of compression or slight 
compression. Upon completion of the operation, the marker 
will shift along the puncture path when the region returns 
to a normal state from a compression state, and the amount 
of blood loss during biopsy is positively correlated with 
the incidence of immediate displacement (20). Therefore, 
imaging examination should be performed again immediately 
after the marker placement to confirm that the marker is in 
the target lesion. In NAT patients, marker shift was mainly 
due to the traction shift of the surrounding tissues, non-
centripetal withdrawal, and daily activities. In addition, in 
this group of patients, it was found that immediate marker 
shift could occur when the marker was positioned under 
ultrasonic guidance. 

Hemorrhage and pain may occur after  marker 
placement; however, Youn et al. reported that patients with 
marker placement did not experience such complications, 
and neither intraoperative nor postoperative complications 
occurred (21,22). Some studies have reported other rare 
complications, such as infection, allergy, and psychological 
disorder (23-25); none of the patients enrolled in this study 
had any of the above complications or adverse reactions. 
For the periodic MRI evaluation of NAT patients, even 
in cases of excessive irradiation, markers containing metal 
materials will not produce a large amount of heat and cause 
injury to patients (26) and will not affect the MRI image 
quality and evaluation. 

Numerous studies have also shown that markers have 
a high detection rate (83.3–100%) in different imaging 
examinations (10,18,27,28). Markers present as a flow-
void effect on MRI images, which leads to partial artifacts, 
but does not affect marker recognition (26,29,30). CT and 
X-ray examinations can locate metal marker more easily; 
however, if lymph nodes respond well to NAT, the volume 
of the lymph node shrinks and the morphological structure 
tends to be normal, and MRI, CT, and X-ray cannot easily 
determine whether markers are located in lymph nodes. 
If there is no background of hypoechoic lymph nodes 
during US follow-up, it is difficult to locate markers in a 
background of mixed axillary fat. Therefore, in this study, 
a tattoo was applied to the body surface of patients to 
indicate the location of the target lymph node to reduce 
the scope and time of the exploration. At the same time, 
attention should be paid to display the maximum ultrasonic 
reflection interface of markers to improve the ultrasonic 
detect rate. Only three patients’ markers were not detected 
by US images before surgery in the NAT group, and none 
of these markers were confirmed to be in the target lymph 
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nodes (transferred to axillary soft tissue or spence of gland) 
after surgery. However, these three markers could still be 
displayed on CT/MRI images (Figure 4A,4B). Markers in 
the remaining 282 patients could be detected by US and 
CT/MRI examination. 

Marker placement can not only help locate target 
lesions, help surgeons reduce operation time, but also guide 
postoperative radiotherapy flied. It is difficult to evaluate 
the reaction of ALN after NAT without marker guidance 
especially in those with pCR. With the progress of medical 
treatment, maybe some patients with completed remission 
can avoid surgery in the future instead of regular follow up 
marked lesions. 

There are some limitations in this study that should be 
noted. All patients enrolled in this study were operated 
on by the same senior sonographer, and the human factor 
of the sonographer could not be excluded. Therefore, the 
success rate of marker placement of small lymph nodes may 
be high, and the overall shift rate may be low. However, this 
operation is not technically difficult for US doctors with 
interventional experience who pay attention to the details of 
marker operations. Rather, the difficulty of ultrasonography 
is still in the follow-up evaluation, and the body surface 

tattoo is helpful in locating the marker. Other limitations 
may include selection bias caused by retrospective 
analysis and no further study on the shifting distance 
of  marker,  which should be considered in future 
studies.

In summary, US-guided placement of markers to mark 
ALNs is simple, fast, accurate, with a low displacement rate, 
few complications, and low cost, which can contribute to 
the accurate development of breast precision surgery.
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