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Abstract: Currently, breast cancer being of rapidly increasing incidence rates and as the most commonly diagnosed malignant
tumor in breast surgery, has attracted much attention. Neoadjuvant therapy (NAT) has been proved to be beneficial for
reducing tumor size and breast-conserving surgery. As a new type of metal localization marker, breast tissue marker clips can
be used to precisely locate tumor tissue and improve cure rates. This review focuses on the marker clips and their significance
in the diagnosis and treatment of neoadjuvant therapy for breast cancer, hoping to provide more clinical bases for research
and promote this technology.
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Introduction

Being the highest incidence of malignancy among women, breast cancer is seriously threatening their health!!]. China’s
incidence and mortality of this disease rank first in the world, and the burden brought with it continues to increase. Therefore,
higher requirements are put forward on the corresponding prevention and treatment measures?~]. Neoadjuvant therapy (NAT)
can reduce the size of breast adenoma, which can not only improve the resectability of inoperable tumors but increase the
chances for breast-conserving surgery!l.

A breast tissue marker is a small metal marker, which has different shapes. It can be observed in the imaging system and
can be directly placed in breast lesions through percutaneous for long-term lesions marking!®. It has been already proved that
placing the tissue masker for patients receiving NAT is helpful, safe, and reliable to locate the tumorl®l. Therefore, the
application of this technology can increase the accuracy of localization, providing the possible decrease of tumor tissue and
even achieving pathological complete response (PCR), which is beneficial for breast-conserving surgery and the therapeutic
goal. This article mainly reviews the trend, research progress, clinical application, technical deficiency, and future research

direction of breast tissue marker clips in NAT for breast cancer.
1. Overview and development of breast tissue maker clips

Breast tissue maker clips are a new accurate localization technology that serves for breast surgery. These clips have
small sizes, different shapes and are of good features of tissue fixation. They are usually made of metal materials such as
titanium alloy, nickel-chromium alloy, and nickel-free stainless steel, with less body toxicity and anti-anisotropy. It allows
these clips to stay in the body for a long term and make full of their unique advantages especially in localizing small lesions.

As research continues, there are different materials in breast tissue markers used by many foreign institutions in various
diseases which mainly focus on the application of NAT for breast cancer patients!’l. Volleamere et al., ¥ indicated in their
research that this technique can even be used as an international standard for breast specimen marking.

Furthermore, some scholars believe that compared with metal chips, biodegradable ones are more applicable and have
few postoperative complications!].

They have accurate localization function and considerable clinical significance, but there are still many unsolved issues.

At present, the application of this technology is still under exploration in China and has not yet been in a stage of large-scale
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clinical use.

2. Research progress and clinical significance of breast tissue marker clips

in China

Because marker clips are very small, they were mainly used to locate small breast lesions (diameter <1.0cm) and
axillary lymph nodes to precisely locate and completely remove them during operations, in the early clinical stage of breast
surgery in China. Most of these small lesions are in the early stage of tumor development, and even if they possibly transform
into malignancy, the prognosis is quite good when patients receive surgery at this time. Therefore, it is particularly important
to completely remove the lesion when having an accurate location.

1. Locate non-palpable breast lesions and lymph nodes: A study of locating small breast lesions (diameter <1.0 cm) and
axillary lymph nodes in Inner Mongolia People’s Hospital indicated that 39 lesions and 9 lymph nodes in 31 patients who
participated in this study were completely removed, with an average lesions diameter of 1.240.56 cm!'%, This makes it clear
that with the help of the breast localization needle, clinically non-palpable breast lesions and lymph nodes can be completely
removed and the early resection rate of malignant lesions can be further improved. Therefore, high-risk breast cancer patients
can truly achieve the second-level prevention of early detection, early diagnosis, and early treatment. It is further suggested
that a breast localization needle is gradually used in the location of breast lesions and axillary lymph nodes.

In the follow-up practice, many operators found the following problems: the volume of the needle is small and
meanwhile, there is no technical support of real-time localization and resection of lesions in the imaging-guided system in
China. Statistically, breast markers failed to identify localization in about 5%—-20% of cases during surgery!'!l. Therefore,
based on the breast localization needle, it is also necessary to have the assistance of body surface localization to ensure that
the operator well-localizes the lesion. The concept of double localization by combination with body mark and puncture was
put forward, in the application of puncture combining with body mark to localization of non-palpable breast lesions by the
First Affiliated Hospital of Sun Yat-Sen University. It was the first time that the combination was applied in the clinical
treatment, which further supplemented and improved the experience of the marker clips in practical application. It also put
forward potential problems and standardized the clinical practice of needle localization!'l.

2. Auxiliary pathological diagnosis of localization: A clinical study, designed by Xinsteel Center Hospital at Xinyu,
Jiangxi Province of China, showed that the pathological diagnosis after resection through localization technology indicated
that all cases were malignant, with an accuracy rate of 100%!!%]. Subsequent research also indicates that the needle can
provide precise localization in pathological detection of small lesions, helping effectively detect malignancy in the early stage,
which is of great clinical significance in the early prevention and treatment of breast cancer!'4],

Currently, in China, some publications guide technical development. They recommend that localization markers can also
be used in benign breast diseases, but are not yet included in the NCCN Guidelines for the diagnosis and treatment of breast

cancer.

3. Clinical application of breast tissue marker clips in NAT

Studies abroad have shown that breast cancer patients who have achieved PCR through NAT before the operation is
better than that patient who has not achieved PCRI'*, Placement of the clips before NAT can not only accurately locate breast
lesions and regional metastatic lymph nodes, but also improve local control rates of breast-conserving surgery patients for
five years!® Therefore, it is suggested to place clips at breast lesions and axillary positive lymph nodes of breast cancer after
patients receiving NAT in quite a lot of guidelines and experts’ consensus both at home and abroad!'¢-17],

1. Node-positive patients before receiving NAT: A systematic retrospective study confirmed the necessity and feasibility
of sentinel lymph node biopsy before NAT for breast cancer with positive lymph nodes!'!]. If the sentinel lymph node is
negative, axillary lymph node dissection can be avoided during operation. However, the false-negative result is easy to appear
after NAT for node-positive patients before NAT, which is not good for the accurate judgment of the operator!'). Foreign

scholars’ studies have confirmed that the false-negative rates of sentinel lymph node biopsy after NAT can be effectively
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reduced by inserting localization clips into biopsy nodules of patients with positive axillary lymph nodes!'!l. And the research
conclusion was also recommended by domestic experts consensust!”,

2. Breast cancer patients who receive NAT: On the one hand, for image-assistance, Hartmann and Riiland et al.,[0-21]
reported that the ultrasonic detection rates of breast tumors and axillary lymph nodes after NAT were as high as 83.3% and
100% respectively. On the other hand, as for the surgical margin, the negative rate of patients who received NAT was slightly
higher than that of those who did not!®. Generally speaking, placing markers in NAT for breast cancer patients can not only
increase the detection rate of B-ultrasound, MRI, and other imaging methods but also improve the accuracy of localization.
Moreover, it is beneficial to fully remove lesions in breast-conserving surgery to ensure the negative surgical margin. In other
words, ensuring the accurate location of the lesions is the premise to improve the negative rate of the margin during operation.

And increasing the negative margin rate can improve the breast-conserving rate, thus reducing the local recurrence rate.
4. Common complications of breast tissue marker clips

Displacement is the most common complication. A marker clip should be placed within 10 mm within the preset
position. Otherwise, it is called displacement which is mainly caused by the accordion effect’?’?4. In addition, around
5%-20% of cases may not be able to find the clips during operation, which means they disappear!>’l. Moreover, bleeding
could occur after implantation which may be caused by the coagulation disorders of patients, insufficient time for dressing
and compression after the operation, or loosening- or shifting- wrapping. Very few patients have different degrees of

complications, such as infection, pneumothorax, and pain after implantation.
5. Technical deficiency and future research direction

The technology of breast tissue marker clips is, on the one hand, a new one in the field of minimally invasive surgery,
and has the function of long-term localization guidance. Meanwhile, it is also an invasive treatment technique and needs
further evaluation on whether the safety and stability of the marker clips can meet the corresponding technical standards after
it is placed precisely in the breast tissue of the body. On the other hand, benign breast diseases need long-term follow-up and
return visits for clinical diagnosis and treatment of breast diseases. It will be the trend of accurate diagnosis and treatment to
use the long-term localization advantage of the marker clips to guide the later re-examination and follow-up of patients.

Under the condition that the clinical efficacy has not been evaluated, the long-term therapeutic benefit of this technique
has not yet been reflected, and the cost of placing a breast tissue marker clip is high for patients. It needs the support of
government departments and medical insurance policies if widely use this technology in future diagnosis and treatment of
breast surgical diseases. At the same time, it is also required that provincial and municipal hospitals, especially the grade A
tertiary hospitals that offer breast specialties services independently, strengthen the guidance to junior general surgeons on the
theoretical knowledge and practical skills related to markers. The research and application of this technology can be brought

to basic-level hospitals.
6. Conclusions and prospects

Being an emerging technology, tissue marker clips were introduced into China after 2015. It can provide different
degrees of localization function in dealing with non-palpable breast lesions, breast lump biopsy, mastitis, neoadjuvant
treatment of breast cancer and its pre-treatment positive lymph nodes, etc. Its efficacy and importance have been confirmed
by domestic and foreign institutions. Implantation has gradually been carried out in clinical practice in dozens of large-scale
grade A tertiary hospitals in China.

Fewer developing units are in the stage of exploring and accumulating cases, compared with foreign countries. At
present, there is still a lack of standardized guidance and standard operating procedures for the placement of
ultrasound-guided marker clips based on NAT of breast cancer in China. In the future development of breast science, it is
expected to carry out large-scale, multi-center, and random prospective clinical research, and explore the detailed
implantation process to scheme standardization and popularize this minimally invasive technique.

Acknowledgment

- 218 - Advanced Emergency Medicine



This article is supported by the Scientific Research Fund Project of the Department of Education of Yunnan Province,
Project Number: 2022J0263 to LL, and National Key Innovation Training Project for College Students, Project Number:
202010674107 to ZH.

References

[1] Bray F, Ferlay J, Soerjomataram I, et al. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin 2018; 68(6): 394—424.

[2] Zhang X, Dong X, Guan Y, et al. Research progress on epidemiological trend and risk factors of female breast cancer.
Cancer Research on Prevention and Treatment 2021; 48(1): 87-92.

[3] Chen W, Zheng R. Incidence, mortality and survival analysis of breast cancer in China. Chinese Journal of Clinical
Oncology 2015; 42(13): 668—674.

[4] Von Minckwitz G, Untch M, Blohmer J, et al. Definition and impact of pathologic complete response on prognosis after
neoadjuvant chemotherapy in various intrinsic breast cancer subtypes. J Clin Oncol 2012; 23(15):374-375.

[5] Consensus statements and clinical practice for image-guided percutaneous placement of breast tissue marker clip (2020)].
Chinese Journal of Surgery 2020; (3): 165-169.

[6] Oh J, Nguyen G, Whitman G, et al. Placement of radiopaque clips for tumor localization in patients undergoing
neoadjuvant chemotherapy and breast conservation therapy. Cancer 2007; 69(11): S71-S72.

[7] Patel J, Jenkins S. A technique for marking oncological breast tissue specimens. Ann Med Surg 2016; 7: 7-8.

[8] Volleamere A, Kirwan C. National survey of breast cancer specimen orientation marking systems. Eur J Surg Oncol 2013;
39(3): 255-259.

[9] Zada MH, Gallimidi Z, Schlesingerlaufer M, et al. Biodegradable breast tissue marker clip. ACS Appl Bio Mater 2020;
3(11): 7439-7453.

[10] Yun Y, Hong H, Wang F, et al. Ultrasound-guided insertion of a mammary localization needle to remove tiny lumps and
subarm lymph nodes from the breast (in Chinese). Inner Mongolia Medical Journal 2008; (3): 366.

[11] Boughey J, Ballman K, Le-Petross H, et al. Identification and resection of clipped node decreases the false-negative rate
of sentinel lymph node surgery in patients presenting with node-positive breast cancer (t0-t4, n1-n2) who receive neoadjuvant
chemotherapy: Results from ACOSOG Z1071 (Alliance). Ann Surg 2016; 263(4): 802—807.

[12] Zheng Y, Luo J, Xie X, et al. Application of ultrasound-guided wire localization of lesions combining with body mark
for non-palpable breast lesions in surgical excision. Chinese Journal of Medical Ultrasound (Electronic Edition) 2013; 10(4):
331-334.

[13] Liu H, Wei D, Zhong R, et al. High frequency ultrasound guided positioning needle localization and marking application
value in the operation resection of breast nodules. Jiangxi Medical Journal 2014; 49(8): 665—-668.

[14] Tang X, Lang R, Fu L. Pathological assessment after neoadjuvant chemotherapy in breast cancer. Chinese Journal of
Breast Disease (Electronic Edition) 2018; 12(5): 257-262.

[15] Cortazar P, Zhang L, Untch M, et al. Pathological complete response and long-term clinical benefit in breast cancer: the
CTNeoBC pooled analysis. Lancet 2014; 384(9938):164-172.

[16] Cardoso F, Kyriakides S, Ohno S, et al. Early breast cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment
and follow-up. Ann Oncol 2019; 30(8): 1194-1220.

[17] Yang W, Bu H. Expert panel consensus on pathological-diagnosis of breast cancer within neoadjuvant therapy. Chinese
Journal of Pathology 2015; 44(4): 232-236.

[18] Fu J, Chen H, Yang J, et al. Feasibility and accuracy of sentinel lymph node biopsy in clinically node-positive breast
cancer after neoadjuvant chemotherapy: A meta-analysis. PloS One 2014; 9(9): e105316.

[19] Boughey J, Suman V, Mittendorf E, et al. Sentinel lymph node surgery after neoadjuvant chemotherapy in patients with
node-positive breast cancer: the ACOSOG Z1071 (Alliance) clinical trial. Jama 2013; 310(14): 1455-1461.

[20] Hartmann S, Reimer T, Gerber B, et al. Wire localization of clip-marked axillary lymph nodes in breast cancer patients

treated with primary systemic therapy. Eur J Surg Oncol 2018; 44(9): 1307-1311.

Volume 11 | Issue 3 -219 -



[21] Riiland A, Hagemann F, Reinisch M, et al. Using a new marker clip system in breast cancer: Tumark Vision® Clip -
Feasibility testing in everyday clinical practice. Breast Care 2018; 13(2): 116-120.

[22] Yen P, Dumas S, Albert A, et al. Post-vacuum-assisted stereotactic core biopsy clip displacement: A comparison between
commercially available clips and surgical clip. Can Assoc Radiol J 2018; 69(1): 10-15.

[23] Rosen E, Vo T. Metallic clip deployment during stereotactic breast biopsy: retrospective analysis. Radiology 2001;
218(2): 510.

[24] Esserman L, Cura M, Dacosta D. Recognizing pitfalls in early and late migration of clip markers after imaging-guided
directional vacuum-assisted biopsy. Radiographics 2004; 24(1):147—-156.

[25] Bourke A, Peter P, Jose C. The disappearing clip: An unusual complication in MRI biopsy. BMJ Case Rep 2014.

- 220 - Advanced Emergency Medicine





