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Introduction: Axillary complete response (pCR) was observed in approximately
half of breast cancer patients who received neoadjuvant chemotherapy (NAC)
due to axillary positivity. Preventing axillary morbidity due to unnecessary axillary
lymph node dissection (ALND) is extremely important for patients’ quality of life.
Targeted axillary dissection (TAD) is a technique developed to improve axillary
staging and reduce the false negative rate in sentinel lymph node biopsy.
Methods: Patients with cN1-N2 (clinically node) breast cancer whose axillary
lymph node metastasis was confirmed by biopsy and who received NAC
marked with a clip were included in the study. Patients who achieved clinical
response after systemic treatment underwent sentinel lymph node biopsy
(SLNB) with additional methods such as methylene blue guided dissection,
skin marking for clip on lymph node (CLN) localization, and wire guided with
imaging excision of the CLN. TAD and ALND pathology results were evaluated
and analyzed with patient and tumor characteristics.
Results: 83 patients who met the eligibility criterias for the study were examined
retrospectively. 21 of the patients underwent TAD alone, and 62 patients
underwent ALND after TAD. CLN rate was 98.8% in patients underwent only
TAD and this rate was increased to 100% in patients underwent ALND after
TAD. FNR in SLN, CLN, and TAD were 28.6%, 10.7%, and 3.6%, respectively.
Conclusion: TAD is a feasible and reliable surgical approach to detect axillary
residual disease with a high success rate.
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Introduction

Nowadays, neoadjuvant chemotherapy (NAC) is frequently used for locally advanced

tumors, most triple-negative and HER2+ tumors, and a significant portion of HR+HER2-

lymph node-positive tumors. Indications of NAC include tumor downsizing to facilitate

breast-conserving surgery (BCS) and also nodal stage regression (1). Providing less

radical surgery, evaluation of treatment effectiveness, and prognosis prediction are the

most important advantages of NAC.It may be possible to avoid ALND in patients with
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positive lymph nodes by ensuring clinical negativity after systemic

treatment. Studies have shown that the use of SLNB after NAC

allows avoiding ALND in more than 40% of cases (2).

The reason for the high FNR after NAC was thought to be

fibrosis in the lymphatics following chemotherapy, treatment of

tumor embolism, which causes lymphatic obstruction, and

blockage of the lymphatics to which the tumor develops (3). It

could causes to 8%–40% of positive lymph nodes being missed

in patients despite negative SLN (4).

The ACOSOG (American College of Surgeons Oncology

Group) Z1071 and SENTINA (SENTinel NeoAdjuvant) studies

have shown that FNR can be reduced in this group of patients if

two or more lymph nodes are removed and a dual-agent

mapping technique is used (5, 6). Further studies on this subject

have shown that this rate may decrease below 10% in patients for

whom NAC is planned, when positive lymph nodes are clipped

before treatment and removed at the end of treatment (7, 8).

The TAD procedure is the removal of SLN and CLN after NAC

and has been widely performed in recent years with FNR rates as

low as 2% (8–10).

Our aim in this study is to investigate the applicability of the

accuracy and reliability of TAD, which has been widely used in

recent years, in axillary staging in the clinical practise.
FIGURE 1

The mammography imaging confirming the metallic clip localization
under the wire guidance.
Material and methods

This is a single-center, retrospective, observational study.

Patients who received treatment for breast cancer diagnosis at

the General Surgery Clinic of Şişli Hamidiye Etfal Training and

Research Hospital between July 2016 and February 2023 and

received NAC by the decision of the breast council were included

in study. After ethics committee approval (2273/30.05.23) was

obtained, patients’ surgical, clinical, radiology, and pathology

reports were collected.
Inclusion—exclusion criterias

The patients with T1-3 grade tumor and axillary N1-2 lymph

nodes metastasis marked with metallic clip before NAC and had

achieved cN0 on physical examination and radiologic controls

after systemic therapy were included in the study. Patients with

N3 nodal metastases, patients who did not achieve cN0 after

systemic therapy, patients with recurrence or distant metastasis,

patients with inflammatory and bilateral breast cancer,

patients who underwent axillary surgery (e.g., SLNB or nodal

sampling) before NAC and pregnant breast cancer patients

were excluded.
FIGURE 2

The skin projection (X symbol) of the lymph node localized with wire.
Marking lymph nodes

All radiologic procedures were performed by two radiologists

experienced in breast radiology and interventional procedures.

The cortex of the biopsy-confirmed axillary metastatic lymph
Frontiers in Surgery 02
node was marked with a metallic clip (Geotek, Turkey®) with

ultrasonography (USG) guidance (Mindray, China; Siemens

Healthcare, Erlangen, Germany) with a 5.5–18 MHz linear probe

before NAC. The clip was also placed in the 2nd most suspicious

lymph node from the N2 group lymph nodes. After the

procedure, the metallic clip localization was confirmed by

mamography (MM) (Figure 1). The marker in these lymph

nodes was checked by USG, MM and/or computed tomography

(CT) imaging after NAC in the week before surgery. On the day

of surgery, the clipped lymph nodes were stereotactically wired to

localize them with USG or CT guidance. At the same time, the

skin projection of the clip localization was marked as X symbol

with a blue pen, mimicking the surgical position (Figure 2).
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Surgical procedure

During the surgery, SLNB was performed using the periareolar

subcutaneous injection technique with 5 cc methylene blue

(Blumet, Vem İlaç®). At the same time, the CLN marked with a

wire was excised by stereotactic biopsy through an incision made

from the skin projection mark on it. All lymph nodes stained

with methylene blue were accepted as SLN. After the

mammographic images of all removed CLNs, specimens were

sent for pathological examination together with the stained

lymph node(s). Mastectomy or BCS techniques were performed

for surgical treatment, according to the tumor and the patient’s

characteristics and preferences.
TABLE 1 The clinicopathological features of the patients.

Age mean ± SD (min–max) 50.5 ± 9.2 (32–78)

Histology n (%)

Ductal 68 (81.9)

Lobuler 8 (9.6)

Other 7 (8.4)

Grade n (%)

1 14 (16.9)

2 47 (56.6)

3 22 (26.5)

Lymphovascular invasion (LVI) n (%)

Yes 47 (56.6)

No 36 (43.4)

Molecular type n (%)

Luminal A 54 (65.1)
Pathological examination

Lymph nodes stained with methylene blue were considered

SLN, and lymph nodes marked with marker-wire were

considered CLN. In the peroperative frozen examination, if the

lymph node size was less than 0.5 cm, it was evaluated in one

piece; if it was between 0.5 cm and 1 cm, it was evaluated in two

slices. If it was larger than 1 cm, it was divided longitudinally at

2 mm intervals and assessed by touch imprint or squash

preparations. Some rare cases were examined by postoperative

frozen section due to the inability to reach a decision. Metastatic

lymph nodes were evaluated according to the College of

American Pathologists (CAP) protocol, and definitive data were

reported by microscopic examination of lymph node sections.

Tumor infiltration greater than 2 mm was accepted as

macrometastases; tumor infiltration of 0.2 mm to 2 mm and/or

200 cells was accepted micrometastases; tumor infiltration of

≤0.2 mm and ≤200 cells was accepted isolated tumor cells.

Luminal B 10 (12.0)

HR+/HER2+ 7 (8.4)

HR-/HER2+ 7 (8.4)

TN 5 (6.0)

N stage n (%)

N1 61 (73.5)

N2 22 (26.5)

T stage n (%)

T1 17 (20.5)

T2 63 (75.9)

T3 3 (3.6)

Number of clipped lymph nodes n (%)

1 71 (85.5)
Statistical method

SPSS 15.0 for Windows was used for statistical analysis.

As descriptive statistics, number and percentage were given

for categorical variables, and mean, standard deviation,

minimum, and maximum were given for numerical variables.

A comparison of rates in dependent groups was made with the

McNemar test. The agreement between the evaluations was

given by the Kappa coefficient. The statistical alpha significance

level was accepted as p < 0.05.

2 12 (14.5)

Surgery n (%)

Mastectomy 37 (44.6)

BCS 46 (55.4)

TABLE 2 The negativity and positivity rates of the sentinel and clip on
lymph nodes.

SLN negative SLN positive Total
CLN negative 25 (30.1%) 3 (3.6%) 28 (33.7%)

CLN positive 19 (22.9%) 36 (43.4%) 55 (66.3%)

Total 44 (53.0%) 39 (47.0%) 83
Results

The data of 145 patients who underwent axillary node marking

with clip before NAC were analyzed. 11 patients with insufficient

follow-up data and 32 patients who underwent direct ALND

because cN0 could not be obtained at the end of systemic

treatment were excluded from the study. 19 patients did not have

lymph node staining in the SLNB procedure with methylene blue

underwent direct ALND because of failed axillary mapping and
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excluded. A total of 83 patients were included in the study and

their clinicopathologic characteristics were shown in Table 1.

Only TAD was performed to 21 patients, and ALND was

performed together with TAD to 62 patients.

The detection rate of SLN was 81.4% (83/102) and the mean of

SLN was 2.5 (1–5). The rate of negative and positive SLN were 53%

(n = 44) and 47% (n = 39), respectively (Table 2). The difference in

the rates of negative and positive SLN was statistically significant

(p = 0.001). Statistical correlation between the results was

moderate (Kappa coefficient 0.480). In patients with SLN and

CLN in the same lymph node, the difference in negative-positive

rates was statistically significant and the correlation was poor

(p = 0001, Kappa coefficient 0.394). No statistically significant

difference was detected in patients with different SLN and CLN

lymph nodes, and the correlation was moderate (Kappa

coefficient 0.594) (Table 3).

Single clip was placed in 71 patients and double clips were

placed in 12 patients. In 10 patients with double clips, both clips
frontiersin.org
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TABLE 3 Statistical concordance between the sentinel and clip on lymph
nodes.

Clip-Dyed LN

Same n = 47 Different
n = 36

Total

CLN&SLN concordance 32 (68.1%) 29 (80.5%) 61 (73.5%)

McNemar test p 0.007 0.125 0.001

Measure of agreement Kappa 0.394 0.594 0.480

Kaya et al. 10.3389/fsurg.2023.1332142
were removed with TAD, and in 2 patients, the second clip was

removed with ALND. Although the clip was removed with

stereotactically in 70 patients with a single clip, in one patient

clip could have not removed with stereotactically and ALND was

performed for removing clip. In the preoperative evaluation, the

clip was localized in all patients, and the detection rate was

found to be 98.6% for a single clip in TAD, 100% for one clip in

patients with two clips, and 97.6% for the second clip. When

patients with double clips were evaluated among themselves, false

negativity was detected in the SLN in one patient, while no false

negativity was detected in the CLN and TAD.

Of the 62 patients who underwent ALND, 28 (33.7%) had

positive axilla and 3 had negative axilla. In the other 31 patients

who underwent ALND, no positive lymph node was found in the

axilla except for SLN and/or CLN. Axillary pCR rate was 28.9%

(n = 21 + 3). A total of 83 patients underwent TAD procedure

and 62 of them also underwent ALND. When the positive lymph

nodes (n = 28) in 62 patients who underwent ALND after TAD

were analyzed, it was seen that 3 patients had CLN, 8 patients

had SLN and 1 patient had negative TAD (SLN + CLN). False

negativity rates according to positive axillary dissection results

were 28.6%, 10.7% and 3.6% for SLN, CLN and TAD,

respectively (Table 4).

Translated with DeepL.com (free version) False negativity rates

according to positive axillary dissection results were 28.6%, 10.7%

and 3.6% for SLN, CLN and TAD, respectively (Table 4).

45.8% (n = 38) of the patients underwent BCS and 54.2%

(n = 45) underwent mastectomy (subcutaneous mastectomy with

implant reconstruction 11 patients). In our study, except for

simple hematoma in 3 patients at the clip placement stage, no

other clip or wire-related complications were reported.
Discussion

The pCR provided by NAC in axilla-positive breast cancers is

important for prognosis prediction as well as for axilla-preserving
TABLE 4 False negative rate of CLN, SLN and TAD.

Positive axillary
dissection

n = 28 (33.7%)

McNemar
test p

Measure of
agreement
Kappa

CLN neg. 3 (10.7%) <0.001 0.281

SLN neg. 8 (28.6%) 0.052 0.336

TAD (SLN +
CLN) neg.

1 (3.6%) <0.001 0.317
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surgery. Less invasive staging methods have been investigated to

identify these patients and avoid unnecessary ALND. For this

purpose, methods such as SLNB, MARI procedure (marking the

axillary lymph node with radioactive iodine seed) and TAD have

been applied (5, 6, 9, 11).

However, in these patients, there is a delicate balance between

avoiding dissection and ensuring oncological safety in order to

reduce axillary morbidity. The ACOSOG Z1071 study reported

that FNR was 12.6% in the case of SLNB alone in this patient

group (6). Since the impact of FNR above 10% on clinical and

oncological outcomes in these patients remains unclear, some

national guidelines continued to recommend ALND in these

patients [(12–14) 18, 19, 20]. Moreover, in the subanalysis of the

ACOSOG Z1071 study and the SENTINA study, it was

determined that the FNR rate decreased below 10% if the dual

method was used and more lymph nodes were removed (5, 6).

The European Society for Medical Oncology (ESMO) and the

National Comprehensive Cancer Network (NCCN) state that

ALND may not be performed if positive nodes are marked and

more than 2 SLNs are removed (15, 16). In the TAD procedure,

the marking and localization of pathological LAPs in the axilla

could appiled with various techniques. For this purpose, marking

and localization techniques such as wire, skin projection, I125-

labeled radioactive seed, and intraoperative USG could be used

after placing the clip (9, 17–20).

On the other hand, there is no consensus for choosing the most

optimal of these techniques. All these techniques have various

advantages and disadvantages, such as institution resources, cost

effectiveness, radiation exposure, compatibility with surgical

instruments, differences in identification rates (IR). In the

literature, the most commonly used method is the clip marking

and guide wire localization technique, with a clip-on lymph node

IR of over 95% (21–23).

In breast cancer patients who are planning to undergo NAC,

we mark and localize the metastatic lymph node with a clip

using the clip and wire localization technique in accordance with

the conditions of our institution. In our clinic, clips are routinely

placed on patients with N1 and on some of patients with N2

metastatic lymph nodes before NAC. At the end of systemic

treatment, they are checked with USG and MM one week before

the surgical operation. The clip is localized with a wire and skin

markings placed with the appropriate imaging method one hour

before the operation. We also use MM or CT to confirm the clip

in the lymph node. In the literature, it has been stated that CT is

also used for wire localization (24, 25).

In our study, we placed one clip in N1 patients, double clips in

N2 patients for the most suspicious node other than the one

identified by biopsy. Although there is lack of data in the

literature about the number of clips to be placed, placing clip to

the positive LN provides better oncological results despite the

cost and procedure disadvantages due to tumor heterogeneity in

our opinion.

Among our patients, the number of patients who underwent

TAD alone was 21 (25.3%), and the number of patients who

underwent ALND after TAD was 62 (74.7%). The IR of the

clipped lymph node and removal of the clip was quite high and
frontiersin.org

https://DeepL.com
https://doi.org/10.3389/fsurg.2023.1332142
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


FIGURE 4

The removed lymph node demonstrating both the stain and the clip.
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was found to be 98.6% for a single clip in stereotactically and 100%

with ALND in our study. In our clinic, specimen MM is routinely

taken to check whether there is a clip in the lymph node removed

with wire localization. In cases where there is no staining and the

clip cannot be found, ALND is performed and the presence of

the clip in the sample is re-checked radiologically (Figure 3). We

believe that removing the clips completely is an essential issue, as

the clips left behind may create legal as well as medical

problems. In our hospital, we work in coordination with

radiology during the clip placement, localization, and removal

phases. Performing the biopsy and clipping by the same

radiologist increases the success of the procedure. We routinely

mark the skin projection along with wire placement during the

clip localization phase. In a study about clip localization, the

detection rate of LN was reported as 100% when wire and skin

markings were used (20).

In our study, the detection rate of SLN with methylene blue

alone was calculated based on 102 patients, this rate was found

to be 81.4%. In literature, many various values were given

regarding the rate of SLN in patients recieved NAC. In a meta-

analysis, IR was calculated in the range of 86%–100% in patients

who underwent SLNB using methylene blue after NAC (26). We

think that the skin marking technique together with the wire

placement for clip localization in the patients in our study

contributed to the detection rates of SLNB.

Regarding the rates given in the literature on whether SLN and

CLN are similar, this rate was reported as 75.9% and 77%,

respectively, in the ACOSOG Z1071 study and the studies

conducted by Caudle et al. (15, 16). In the SenTa study, which is

a multicentric German study, the SLN and CLN were found to

be the same in 64.8% of the patients (27). In our study, the rate

of SLN and CLN similarity was found to be 56.62% (n = 47),

which is lower than the literature data (Figure 4). Although this

is not a sufficient explanation for its clinical significance, we

think it may be related to the high FNR in the SLN.
FIGURE 3

The removed clip on lymph node confirmed via mammography
imaging.
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In relation to the metastasis detection rates among similar LNs,

the concordance rate between SLN and CLN was 68.1% and this

result was found to be statistically significant (p < 0.007). 16

more metastatic LNs were found in CLN than in SLN (66.3%

compared to 47%, respectively) (Table 3). In a meta-analysis, the

compliance rate of CLNs and SLNs was found to be between

35.7% and 87.5%, and groups with higher compliance rates were

found to had superior IR and lower FNR (28).

In 12 cases double clips were placed, false negativity was

detected in only one SLN, and no false negativity was detected in

CLN and TAD. Although, the small sample size here creates a

limitation, there is a lack of studies with larger volumes in

literature. In a study conducted with fourteen patients, the FNR,

which was found to be 7.1% in a single clipped lymph node, was

found to be 0% when a second clipped node was added (29).
Conclusion

Accurate axillary staging after NAC is an important issue in

terms of oncological outcomes, and TAD, a technique developed

for this purpose, was seen to provide safe oncological results with

its feasibility and lower FNR according to the the results of our study.
Data availability statement

’The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
frontiersin.org

https://doi.org/10.3389/fsurg.2023.1332142
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Kaya et al. 10.3389/fsurg.2023.1332142
Ethics statement

The study was approved by the Ethics Committee of Şişli
Hamidiye Etfal Education and Research Hospital (no/date: 2273/

30.05.2023). The studies were conducted in accordance with the

local legislation and institutional requirements. The participants

provided their written informed consent to participate in this

study. Written informed consent was obtained from the

individual(s) for the publication of any potentially identifiable

images or data included in this article.
Author contributions

CK: Formal Analysis, Investigation, Writing – original draft.

BB: Data curation, Methodology, Visualization, Writing – review

& editing. IÇ: Project administration, Resources, Writing –

review & editing, Methodology, Supervision. RU: Data curation,

Investigation, Validation, Conceptualization, Methodology,

Project administration, Writing – review & editing. EÇ: Funding

acquisition, Methodology, Resources, Investigation, Software,

Data curation, Writing – review & editing. CŞ: Formal Analysis,

Software, Visualization, Methodology, Conceptualization, Writing

– review & editing. ZD: Investigation, Methodology, Resources,

Project administration, Writing – review & editing. AŞ:
Conceptualization, Project administration, Software, Validation,
Frontiers in Surgery 06
Resources, Supervision, Writing – review & editing. SH:

Conceptualization, Project administration, Data curation,

Software, Resources, Writing – original draft.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Melton L, Krause D, Sugalski J. Psychology staffing at cancer centers: data from
national comprehensive cancer network member institutions. JCO Oncol Pract. (2020)
16(11):e1343–54. doi: 10.1200/OP.20.00087

2. Montagna G, Mamtani A, Knezevic A, Brogi E, Barrio AV, Morrow M. Selecting
node-positive patients for axillary downstaging with neoadjuvant chemotherapy. Ann
Surg Oncol. (2020) 27(11):4515–22. doi: 10.1245/s10434-020-08650-z

3. de Boniface J, Frisell J, Andersson Y, Bergkvist L, Ahlgren J, Rydén L, et al.
Survival and axillary recurrence following sentinel node-positive breast cancer
without completion axillary lymph node dissection: the randomized controlled
SENOMAC trial. BMC Cancer. (2017) 17(1):379. doi: 10.1186/s12885-017-3361-y

4. Simons JM, van Nijnatten TJA, van der Pol CC, van Diest PJ, Jager A, van
Klaveren D, et al. Diagnostic accuracy of radioactive iodine seed placement in the
axilla with sentinel lymph node biopsy after neoadjuvant chemotherapy in node-
positive breast cancer. JAMA Surg. (2022) 157(11):991–9. doi: 10.1001/jamasurg.
2022.3907

5. Kuehn T, Bauerfeind I, Fehm T, Fleige B, Hausschild M, Helms G, et al. Sentinel-
lymph-node biopsy in patients with breast cancer before and after neoadjuvant
chemotherapy (SENTINA): a prospective, multicentre cohort study. Lancet Oncol.
(2013) 14(7):609–18. doi: 10.1016/S1470-2045(13)70166-9

6. Boughey JC, Suman VJ, Mittendorf EA, Ahrendt GM, Wilke LG, Taback B, 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):1455–61. doi: 10.1001/jama.2013.278932

7. Mittendorf EA, Caudle AS, Yang W, Krishnamurthy S, Shaitelman S, Chavez-
MacGregor M, et al. Implementation of the American college of surgeons oncology
group z1071 trial data in clinical practice: is there a way forward for sentinel lymph
node dissection in clinically node-positive breast cancer patients treated with
neoadjuvant chemotherapy? Ann Surg Oncol. (2014) 21(8):2468–73. doi: 10.1245/
s10434-014-3775-6

8. Caudle AS, Yang WT, Mittendorf EA, Black DM, Hwang R, Hobbs B, et al.
Selective surgical localization of axillary lymph nodes containing metastases in
patients with breast cancer: a prospective feasibility trial. JAMA Surg. (2015)
150(2):137–43. doi: 10.1001/jamasurg.2014.1086

9. Caudle AS, Yang WT, Krishnamurthy S, Mittendorf EA, Black DM, Gilcrease
MZ, et al. Improved axillary evaluation following neoadjuvant therapy for patients
with node-positive breast cancer using selective evaluation of clipped nodes:
implementation of targeted axillary dissection. Clin Oncol. (2016) 34(10):1072–8.
doi: 10.1200/JCO.2015.64.0094

10. Boughey JC, Ballman KV, Le-Petross HT, McCall LM, Mittendorf EA, Ahrendt
GM, 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):802–7. doi: 10.1097/SLA.0000000000001375

11. Donker M, Straver ME, Wesseling J, Loo CE, Schot M, Drukker CA, et al.
Marking axillary lymph nodes with radioactive iodine seeds for axillary staging after
neoadjuvant systemic treatment in breast cancer patients: the MARI procedure. Ann
Surg. (2015) 261(2):378–82. doi: 10.1097/SLA.0000000000000558

12. Lebeau A, Denkert C, Sinn P, Schmidt M, Wöckel A. Update of the German S3
breast cancer guideline: what is new for pathologists? Pathologe. (2019) 40(2):185–98.
doi: 10.1007/s00292-019-0578-3

13. Heinolainen K, Saarinen S, Vertuani S, Ellonen A, Karlsson A, Utriainen M,
et al. Characterization of clinicopathological features, treatment practices, and
outcomes among finnish advanced breast cancer patients in real-life clinical
practice. J Cancer Res Clin Oncol. (2023) 149(11):9139–49. doi: 10.1007/s00432-023-
04723-0

14. Nationellt vårdprogram Bröstcancer (2020). Available at: http://www.swebcg.se/
wp-content/uploads/2016/10/nationellt-vardprogram-brostcancer_200211.pdf
(Accessed February 02, 2020).

15. Wöckel A, Festl J, Stüber T, Brust K, Stangl S, Heuschmann PU, et al.
Interdisciplinary screening, diagnosis, therapy and follow-up of breast cancer.
Guideline of the DGGG and the DKG (S3-level, AWMF registry number 032/
045OL, December 2017)—part 1 with recommendations for the screening, diagnosis
and therapy of breast cancer. Geburtshilfe Frauenheilkd. (2018) 78(10):927–48.
doi: 10.1055/a-0646-4522

16. Cardoso F, Kyriakides S, Ohno S, Penault-Llorca F, Poortmans P, Rubio IT, et al.
Early breast cancer: eSMO clinical practice guidelines for diagnosis, treatment and
follow-up†. Ann Oncol. (2019) 30(8):1194–220. doi: 10.1093/annonc/mdz173

17. Mariscal Martínez A, Vives Roselló I, Salazar Gómez A, Catanese A, Pérez
Molina M, Solà Suarez M, et al. Advantages of preoperative localization and
surgical resection of metastatic axillary lymph nodes using magnetic seeds after
frontiersin.org

https://doi.org/10.1200/OP.20.00087
https://doi.org/10.1245/s10434-020-08650-z
https://doi.org/10.1186/s12885-017-3361-y
https://doi.org/10.1001/jamasurg.2022.3907
https://doi.org/10.1001/jamasurg.2022.3907
https://doi.org/10.1016/S1470-2045(13)70166-9
https://doi.org/10.1001/jama.2013.278932
https://doi.org/10.1245/s10434-014-3775-6
https://doi.org/10.1245/s10434-014-3775-6
https://doi.org/10.1001/jamasurg.2014.1086
https://doi.org/10.1200/JCO.2015.64.0094
https://doi.org/10.1097/SLA.0000000000001375
https://doi.org/10.1097/SLA.0000000000000558
https://doi.org/10.1007/s00292-019-0578-3
https://doi.org/10.1007/s00432-023-04723-0
https://doi.org/10.1007/s00432-023-04723-0
http://www.swebcg.se/wp-content/uploads/2016/10/nationellt-vardprogram-brostcancer_200211.pdf
http://www.swebcg.se/wp-content/uploads/2016/10/nationellt-vardprogram-brostcancer_200211.pdf
https://doi.org/10.1055/a-0646-4522
https://doi.org/10.1093/annonc/mdz173
https://doi.org/10.3389/fsurg.2023.1332142
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Kaya et al. 10.3389/fsurg.2023.1332142
neoadjuvant chemotherapy in breast cancer. Surg Oncol. (2021) 36:28–33. doi: 10.
1016/j.suronc.2020.11.013

18. Malter W, Eichler C, Hanstein B, Mallmann P, Holtschmidt J. First reported use of
radiofrequency identification (RFID) technique for targeted excision of suspicious
axillary lymph nodes in early stage breast cancer—evaluation of feasibility and review
of current recommendations. In Vivo. (2020) 34(3):1207–13. doi: 10.21873/invivo.11894

19. Gallagher KK, Iles K, Kuzmiak C, Louie R, McGuire KP, Ollila DW. Prospective
evaluation of radar-localized reflector-directed targeted axillary dissection in node-
positive breast cancer patients after neoadjuvant systemic therapy. J Am Coll Surg.
(2022) 234(4):538–45. doi: 10.1097/XCS.0000000000000098

20. Lim GH, Teo SY, Gudi M, Ng RP, Pang J, Tan YS, et al. Initial results of a novel
technique of clipped node localization in breast cancer patients postneoadjuvant
chemotherapy: Skin Mark clipped Axillary nodes Removal Technique (SMART
trial). Cancer Med. (2020) 9(6):1978–1985. doi: 10.1002/cam4.2848

21. Gante I, Maldonado JP, Figueiredo Dias M. Marking techniques for targeted
axillary dissection among patients with node-positive breast cancer treated with
neoadjuvant chemotherapy. Breast Cancer (Auckl). (2023) 17:11782234231176159.
doi: 10.1177/11782234231176159

22. Woods RW, Camp MS, Durr NJ, Harvey SC. A review of options for localization
of axillary lymph nodes in the treatment of invasive breast cancer. Acad Radiol. (2019)
26(6):805–19. doi: 10.1016/j.acra.2018.07.002

23. Balasubramanian R, Morgan C, Shaari E, Kovacs T, Pinder SE, Hamed H, et al.
Wire guided localisation for targeted axillary node dissection is accurate in axillary
staging in node positive breast cancer following neoadjuvant chemotherapy. Eur
J Surg Oncol. (2020) 46(6):1028–33. doi: 10.1016/j.ejso.2019.12.007
Frontiers in Surgery 07
24. Nguyen TT, Hieken TJ, Glazebrook KN, Boughey JC. Localizing the clipped
node in patients with node-positive breast cancer treated with neoadjuvant
chemotherapy: early learning experience and challenges. Ann Surg Oncol. (2017) 24
(10):3011–6. doi: 10.1245/s10434-017-6023-z

25. Kim EY, Byon WS, Lee KH, Yun JS, Park YL, Park CH, et al. Feasibility of
preoperative axillary lymph node marking with a clip in breast cancer patients
before neoadjuvant chemotherapy: a preliminary study. World J Surg. (2018) 42
(2):582–9. doi: 10.1007/s00268-017-4171-8

26. Cao S, Liu X, Cui J, Liu X, Zhong J, Yang Z, et al. Feasibility and reliability of
sentinel lymph node biopsy after neoadjuvant chemotherapy in breast cancer
patients with positive axillary nodes at initial diagnosis: an up-to-date meta-analysis
of 3,578 patients. Breast. (2021) 59:256–69. doi: 10.1016/j.breast.2021.07.015

27. Kuemmel S, Heil J, Rueland A, Seiberling C, Harrach H, Schindowski D, et al. A
prospective, multicenter registry study to evaluate the clinical feasibility of targeted
axillary dissection (TAD) in node-positive breast cancer patients. Ann Surg. (2022)
276(5):e553–62. doi: 10.1097/SLA.0000000000004572

28. Song YX, Xu Z, Liang MX, Liu Z, Hou JC, Chen X, et al. Diagnostic accuracy of
de-escalated surgical procedure in axilla for node-positive breast cancer patients
treated with neoadjuvant systemic therapy: a systematic review and meta-analysis.
Cancer Med. (2022) 11(22):4085–103. doi: 10.1002/cam4.4769

29. Lim GH, Gudi M, Teo SY, Ng RP, Yan Z, Lee YS, et al. Would removal of
all ultrasound abnormal metastatic lymph nodes without sentinel lymph
node biopsy be accurate in patients with breast cancer with neoadjuvant
chemotherapy? Oncologist. (2020) 25(11):e1621–7. doi: 10.1634/theoncologist.
2020-0494
frontiersin.org

https://doi.org/10.1016/j.suronc.2020.11.013
https://doi.org/10.1016/j.suronc.2020.11.013
https://doi.org/10.21873/invivo.11894
https://doi.org/10.1097/XCS.0000000000000098
https://doi.org/10.1002/cam4.2848
https://doi.org/10.1177/11782234231176159
https://doi.org/10.1016/j.acra.2018.07.002
https://doi.org/10.1016/j.ejso.2019.12.007
https://doi.org/10.1245/s10434-017-6023-z
https://doi.org/10.1007/s00268-017-4171-8
https://doi.org/10.1016/j.breast.2021.07.015
https://doi.org/10.1097/SLA.0000000000004572
https://doi.org/10.1002/cam4.4769
https://doi.org/10.1634/theoncologist.2020-0494
https://doi.org/10.1634/theoncologist.2020-0494
https://doi.org/10.3389/fsurg.2023.1332142
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Feasibility and accuracy of targeted axillary dissection in breast cancer patients; single center experience
	Introduction
	Material and methods
	Inclusion—exclusion criterias
	Marking lymph nodes
	Surgical procedure
	Pathological examination
	Statistical method

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


