
Vol:.(1234567890)

Surgery Today (2025) 55:172–179
https://doi.org/10.1007/s00595-024-02981-0

ORIGINAL ARTICLE

Diagnostic accuracy of sentinel lymph node biopsy and wire 
localized clipped node biopsy after neoadjuvant chemotherapy 
in node‑positive breast cancer

Xinguang Wang1 · Qijun Zheng1 · Yingjian He1 · Yiqiang Liu2 · Ling Huo1 · Nan Zhang1 · Tianfeng Wang1 · 
Yuntao Xie1 · Jinfeng Li1 · Tao Ouyang1 · Zhaoqing Fan1 

Received: 25 January 2024 / Accepted: 13 June 2024 / Published online: 27 December 2024 
© The Author(s) under exclusive licence to Springer Nature Singapore Pte Ltd. 2024

Abstract
Purpose The optimal method for axillary staging in patients with initially node-positive breast cancer after NACT remains 
unclear.
Methods We conducted a prospective, single-center trial to investigate the diagnostic performance of sentinel lymph node 
biopsy (SLNB) combined with wire localized lymph node biopsy (WLNB) of the clip-marked node as an axillary staging 
technique in patients with node-positive breast cancer after neoadjuvant chemotherapy (NACT).
Results A total of 233 patients were enrolled, 208 of whom were included in the analysis. The IR of SLNB and WLNB alone 
were 63.0% and 70.7%, respectively. The identification rate (IR) of targeted axillary dissection (TAD) was 87.5%. The FNR 
of and NPV were 6.9% (95% confidence interval [CI]:2.0–11.8%) and 92.0% (95% CI 86.3–97.7%), respectively, for the TAD 
procedure, 17.1% (95% CI 8.2–25.6%) and 83.3% (95% CI:74.7–91.9%) for SLNB alone, and 6.7% (95% CI:1.5–12.0%) and 
90.6% (95% CI:83.5–97.7%) for WLNB alone.
Conclusions The diagnostic performance of TAD using wire localization was similar to that of the procedure performed 
using radioactive seed localization. (Clinical Trial Registration: NCT03715686).
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Introduction

Neoadjuvant chemotherapy (NACT) is an established treat-
ment for locally advanced breast cancer and is increasingly 
being used in patients with early-stage breast cancer [1]. 
With the increasing efficacy of modern systemic treatment, 
nodal pathologic complete response (pCR) rates have been 

reported to range from 35 to 68%, depending on the tumor 
subtype, and approach 70–80% among patients with triple-
negative and human epidermal growth factor receptor 2 
(HER2)-positive tumors [2].

Patients with no axillary disease remaining after NACT 
are unlikely to benefit from axillary lymph node dissection 
(ALND) and may experience complications from the pro-
cedure. However, the feasibility and accuracy of sentinel 
lymph node biopsy (SLNB) after NACT remain controver-
sial. Studies have shown that NACT can alter lymphatic 
drainage pathways, resulting in a lower SLN identifica-
tion rate (IR) and a higher false-negative rate (FNR) [3]. 
Three prospective studies (ACOSOG-Z1071, SENTINA, 
and SN-FNAC) evaluated SLNB in node-positive patients 
after NACT. The overall false negative rate was 12.6–14.2%, 
which was higher than the prespecified threshold of 10% 
[4–6]. Subsequent subgroup analyses of these trials showed 
that the use of dual tracers, retrieval of more than 2 SLNs, 
and immunohistochemistry can reduce the FNR to below 
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10%. However, these results were based on subgroup analy-
ses, which lack definitive power.

Studies using clips to mark biopsied nodes showed that 
the clipped node is 1 of the SLNs in only approximately 75% 
of cases [7–9]. Therefore, in approximately 1 in 4 cases, the 
clipped node was not removed along with the SLNs, which 
could partially explain the high FNR after NACT. In an 
unplanned subgroup analysis of the ACOSOG Z0171 trial, 
an FNR of 6.8% was found if the clip was located in 1 of the 
SLNs, while the FNR was 14.3% if the clip was not found 
and 19.0% if the clip was found within the ALND specimen 
[7]. Caudle et al. reported that localizing and removing the 
clipped node in addition to SLNs resulted in an FNR of 
2.0% [8]. Following this observation, the concept of targeted 
axillary dissection (TAD) was introduced and is currently 
endorsed by international guidelines [10].

Clinical trials are ongoing to identify the optimal method 
for staging the axilla in a neoadjuvant setting. However, 
there is great heterogeneity across studies in terms of patient 
selection and technical aspects of the procedure. Our goal 
was to provide sound evidence for the feasibility and diag-
nostic performance of TAD (SLNB and/or wire localization 
of the clipped node) in node-positive breast cancer patients 
after NACT.

Methods

Study design

The current study was a prospective, single-center investiga-
tor-initiated trial. The primary objective was to investigate 
the diagnostic accuracy of SLNB combined with wire local-
ized node biopsy (WLNB) of the clipped node as an axil-
lary staging technique in node-positive breast cancer patients 
after NACT, comparing the results with the gold standard: 
the pathological analysis of specimens obtained by ALND. 
The secondary objective was to determine the diagnostic 
accuracy of SLNB and WLNB. The study was conducted 
in accordance with the Declaration of Helsinki and Good 
Clinical Practice guidelines and approved by the institutional 
review board. Written informed consent was obtained from 
all patients. The trial was registered on ClinicalTrials.gov 
website NCT03715686. This study followed the Standards 
for Reporting the Diagnostic Accuracy (STARD) Reporting 
Guidelines.

Eligibility criteria

Patients with core needle biopsy-confirmed invasive breast 
cancer who were 18 years of age or older were eligible for 
inclusion in this study. Other eligibility criteria included 
clinical stage T1-4N1-2M0, age ≤ 70  years, and World 

Health Organization performance status 0–1. Nodal posi-
tivity was confirmed using either fine-needle aspiration 
cytology or core-needle biopsy before NACT. Patients with 
positive infraclavicular or supraclavicular lymph nodes and 
patients with metastatic disease were ineligible. Other exclu-
sion criteria included inflammatory breast cancer, previous 
chemotherapy or radiation therapy, and other concurrent 
illnesses (e.g., active infection, heart failure, or other sig-
nificant illnesses) that might influence treatment tolerability.

Axillary ultrasound and clip insertion

All patients included in the study underwent an ultrasound 
examination of the axilla as well as the infraclavicular and 
supraclavicular areas at the time of initial staging. If more 
than one suspicious lymph node was found in the axilla, the 
largest of these nodes was defined as the index node and a 
biopsy was performed on this node. Ultrasonographic vari-
ables of lymph node morphology were recorded in detail 
to avoid subsequent clip insertion in different nodes. After 
nodal positivity was confirmed by pathology, the clip was 
inserted into the biopsied node in a separate procedure. An 
ultra-clip dual trigger breast tissue marker (Bard Peripheral 
Vasular, Inc., AZ, USA) was used to mark the biopsied node.

Neoadjuvant chemotherapy

Neoadjuvant chemotherapy was administered according 
to national and institutional guidelines. Sequential anthra-
cycline- and taxane-based regimens are generally recom-
mended. Typically, HER2-negative tumors were treated with 
4 cycles of EC (epirubicin 100 mg/m2 and cyclophospha-
mide 600 mg/m2) in a dose-dense schedule (every 2 weeks), 
after which the patients switched to paclitaxel (80 mg/m2) 
every week for 12 weeks. For HER2-positive tumors, HER2-
targeted therapy (trastuzumab with or without pertuzumab) 
was administered concurrently with paclitaxel.

Axillary surgical treatment

The TAD procedure in our study consisted of both the SLNB 
and WLNB procedures. One of the 13 dedicated breast sur-
geons in our unit performed this procedure. For SLNB, a 
single tracer, the Tc-99 m radioisotope, was used. On the day 
of surgery, after the patient underwent general anesthesia, 
the surgeon performed an axillary ultrasound and identified 
the lymph node marked with the clip, with the patient's ipsi-
lateral arm abducted at 90°, mimicking the position of the 
arm during axillary surgery. Occasionally, the assistance of 
a radiologist was necessary to locate the clip. Subsequently, 
a localization wire was percutaneously deployed under ultra-
sound guidance to facilitate surgical removal. During SLNB, 
all radioactive lymph nodes with a radioactive count that 
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was ≥ 10% of the ex vivo count of the hottest node were 
defined as sentinel lymph nodes. The study protocol requires 
specimen radiography of the resected wire-localized node 
(WLN). Radiography of the SLN and axillary dissection 
specimens was performed in cases where the clip was not 
identified in the WLN. If the clip could not be identified 
within the WLN, WLNB was regarded as a failure, regard-
less of whether the clip and WLN were not detected at all 
or if the clip was found in a non-WLN lymph node during 
ALND. After SLNB and WLNB, ALND was performed in 
all patients.

Ultrasonography and histopathological evaluation

Ultrasonographic complete remission (rCR) in the axilla 
after NACT was defined as the absence of suspicious fea-
tures in the clipped node and other non-clipped nodes com-
pared with baseline ultrasound.

SLNs and WLNs were processed separately from the 
ALND specimens. Paraffin-embedded SLNs and WLNs 
were serially sectioned at 2-mm intervals and stained with 
hematoxylin and eosin (HE). If no metastasis was detected, a 
further immunohistochemical (IHC) analysis was performed. 
SLNs were considered positive for any size and number of 
metastases, including micrometastases and isolated tumor 
cells (ITCs), according to the AJCC 8th edition. Nodes from 
ALND were dissected and stained with hematoxylin and 
eosin (H&E). Intraoperative pathological examinations were 
not performed.

Statistical analysis

The sample size was calculated using the PASS 11 soft-
ware program based on a 2-sided, 1-sample log-rank test. 
Assuming an axillary pCR rate of 40%, a total sample size of 
230 (which includes 127 subjects with residual axillary dis-
ease and considers a 5% dropout rate) achieves 91% power 
to detect a change in sensitivity from 0.9 to 0.97, using a 
2-sided binomial test. The 2-sided target significance level 
was set at P < 0.05.

The TAD procedure was considered successful if at least 
1 lymph node (SLN and/or WLN) could be identified. The 
identification rate (IR) was defined as the number of suc-
cessful procedures divided by the total number of patients 
in whom the procedure was attempted. FNR was defined as 
the number of FN divided by the total number of patients 
with residual axillary disease (FN/ [FN + TP]). NPV was 
defined as the number of TN divided by the total number 
of patients with a negative test result (TN/ [TN + FN]). All 
analyses were performed using SPSS version 22 (IBM Corp., 
Armonk, NY, USA). All statistical tests were 2-sided, and 
P-values of < 0.05 were considered statistically significant. 
Descriptive analyses were used to calculate the identification 

rates for the different procedures. Contingency tables were 
constructed to determine the FNRs and NPVs for different 
parameters.

Results

Between September 2018 and February 2022, 233 patients 
provided informed consent and were enrolled in the study. 
25 patients were later excluded, and 208 patients underwent 
SLNB and WLNB followed by completion of ALND (for 
details, see the study flowchart, Fig. 1). The median age 
was 51 years (27–69 years), and 165 patients (79.3%) had 
T1-2 tumors. The approximated breast cancer subtype was 
derived from estrogen and progesterone receptors and the 
HER2 status. and used to classify cases into the following 
categories: HER2-positive, triple-negative (estrogen and 
progesterone receptors and HER2 negative), and hormone 
receptor (HR)-positive and HER2-negative. The most fre-
quent tumor subtypes were HR-positive and HER2-negative 
(105/208). The patient and tumor characteristics are summa-
rized in Table 1. The overall rate of axillary pCR (ypN0) was 
44.2% (92 208; 95% CI 37.5–51.0%). The axillary pCR rate 
differed by subtype: 18.1% (19 of 105; 95% CI 10.7–25.5%) 
for HR-positive/HER2-negative, 80.8% (59 of 73; 95% CI 
71.8–89.8%) for HER2-positive breast cancer, and 46.7% (14 
of 30; 95% CI 28.8–64.6%) for triple-negative breast can-
cer (chi-square = 68.77, P < 0.001). Among the 116 patients 
with nodal non-pCR, residual disease was only found in the 
biopsied SLNs and/or WLNs in 38 patients (32.8%), and 
additional residual disease was found in the ALND specimen 
in 78 patients (67.2%).

Fig. 1  Study flowchart
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SLNB

SLNB was successful in 131 of 208 patients (63.0%). The 
median number of SLNs that were removed was 3. In 12 
patients, no residual axillary disease was found in the 
SLN(s), while residual axillary disease was found in WLNB 
and/or completion ALND. This yielded an FNR of 17.1% 
(12 of 70; 95% CI 8.2–25.6%) and an NPV of 83.3% (60 of 
72; 95% CI 74.7–91.9%) (Table 2).

WLNB

WLNB was successful in 147 of the 208 patients (70.7%) 
(Fig. 2). In the remaining patients, it was difficult to cor-
rectly locate the clipped node with preoperative US-guided 
wire location. The localization wire was not deployed in 9 
patients (4.3%) because of the inability to identify the clip 
with ultrasound. A localization wire was deployed in 52 
patients (25.0%), but radiography failed to locate the clip 
within the WLN. In 6 patients, no residual axillary disease 
was found in the WLNB, whereas residual axillary disease 
was found in the SLN(s) and/or completion ALND. This 
yielded an FNR of 6.7% (6 of 89; 95% CI 1.5–12.0%) and 
an NPV of 90.6% (58 of 64; 95% CI 83.5–97.7%) (Table 2).

TAD (SLNB and/or WLNB)

TAD was successful in 182 of 208 patients (at least one SLN 
and/or WLN was identified), resulting in an identification 
rate of 87.5%. In 7 patients, no residual axillary disease was 
found in the SLN(s) or WLNB, whereas residual axillary 
disease was found in the completed ALND. This yielded 
an FNR of 6.9% (7 of 101; 95% CI 2.0–11.8%) and an NPV 
of 92.0% (81 of 88; 95% CI:86.3–97.7%) (Table 2). Both 
SLNB and WLNB were successful in 96 of 208 patients 
(46.2%), and the wire-localized node was also an SLN in 
76 of 96 patients (79.2%). In 2 patients, no residual axillary 
disease was found in the SLN(s) or WLNB, whereas residual 

Table 1  Patient and tumor characteristics

HR hormone receptor, HER2 human epidermal growth factor recep-
tor 2, TNBC triple-negative breast cancer, pCR pathologic complete 
response

Characteristic No. (%)

Median age (range) 51 (27–69)
Tumor type
 IDC 195 (93.8)
 ILC 6 (2.9)
 Others 7 (3.4)

T stage
 T1–2 165 (79.3)
 T3–4 43 (20.7)

Initial clinical stage
 II 150 (72.1)
 III 58 (27.9)

Surgery
 BCT 58 (27.9)
 Mastectomy 150 (72.1)

Method of pretreatment lymph node biopsy
 Core needle biopsy 182 (87.5)
 Fine needle cytology 26 (12.5)

Subtype
 HR + /HER2- 105 (50.5)
 HER2 + 73 (35.1)
 TNBC 30 (14.4)

Lymph node status after NACT 
 Nodal pCR 92 (44.2)
 Node positive 116 (55.8)

Nodal ultrasound response evaluation after NAC
 Node positive 120 (57.7)
 Node negative 88 (42.3)

Number of SLNs retrieved
 1–2 64 (30.8)
  ≥ 3 67 (32.2)
 Visualization failure 77 (37.0)

Table 2  Identification rates, 
false negative rates and negative 
predictive values of SLNB, 
WLNB and the combined 
procedure (TAD)

SLNB sentinel lymph node biopsy, WLNB wire localized lymph node biopsy, TAD targeted axillary dissec-
tion

IR FNR NPV

% 95% CI % 95% CI % 95% CI

SLNB 63.0 (131/208) 56.4–69.6 17.1 (12/70) 8.2–25.6 83.3 (60/72) 74.7–91.9
WLNB 70.7 (147/208) 64.5–76.9 6.7 (6/89) 1.5–12.0 90.6 (58/64) 83.5–97.7
TAD (SLNB 

and/or 
WLNB suc-
cessful)

87.5 (182/208) 83.0–92.0 6.9 (7/101) 2.0–11.8 92.0 (81/88) 86.3–97.7

SLNB and 
WLNB both 
successful

46.2 (96/208) 39.4–53.0 3.4 (2/58) 0.1–8.1 95.0 (38/40) 88.2–99.9
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axillary disease was found in the completed ALND. This 
yielded an FNR of 3.4% (2 of 58; 95% CI 0.1–8.1%) and an 
NPV of 95.0% (38 of 40; 95% CI 88.2–99.9%) (Table 2).

An axillary ultrasound examination was performed in all 
patients before the initiation of treatment and after NACT. 
An ultrasonographic complete response of the lymph nodes 
was observed in 88 patients (42.3%). The final pathological 
examination revealed an axillary pCR in 43 of 88 patients 
(48.9%; 95% CI 38.5–59.3%). The diagnostic performance 
of TAD according to tumor subtype, number of SLNs 
retrieved, and nodal ultrasound response evaluation after 
NAC was calculated and is shown in Table 3.

Discussion

Our results indicate that the diagnostic accuracy of SLNB 
combined with WLNB is comparable to that of the RISAS 
trial. For patients with at least 1 SLN and/or WLN identified, 
the FNR was 6.9%, which is below the clinically acceptable 

threshold of 10%. No additional use of radioactive seeds was 
involved in our TAD method, making it ideal for institutions 
with limited access to radioactive seeds.

The management of the axilla in patients with breast 
cancer has evolved dramatically in recent years toward less 
invasive surgery. Conventional SLNB was less reliable in 
the post-NACT era. Targeted removal of biopsy-proven 
positive lymph node has been shown to increase the accu-
racy of nodal evaluation, and different methods of marking 
and localizing of the index node have been studied [8, 11]. 
Recently, the results of a prospective multicenter RISAS trial 
have been published [12]. The marked MARI nodes and 
SLNs were removed and examined, followed by ALND. The 
FNR of the RISAS procedure was 3.5% and the NPV was 
92.8%. Although these results are promising, radioactive 
125-iodine seeds are a radiation source and strict radioac-
tive material handling and disposal regulations are major 
drawbacks to radioactive seed localization in many countries 
worldwide. A simple alternative may be wire localization of 
the clipped node. Wire localization is a straightforward and 

Fig. 2  Ultrasonographic images of lymph nodes before and after 
neoadjuvant chemotherapy (NACT) and intraoperative radiography 
showing both the clip and the localization wire from the same patient. 
A Ultrasonographic image of a metastatic lymph node confirmed by 

pathology before NACT. B Ultrasonographic images of the same 
lymph node after neoadjuvant chemotherapy Arrow indicates the clip. 
C Intraoperative radiography showing both the clip and the localiza-
tion wire

Table 3  Identification rate and 
accuracy of the TAD procedure 
by subgroup

HR hormone receptor, HER2 human epidermal growth factor receptor 2, TNBC triple-negative breast can-
cer, NACT  neoadjuvant chemotherapy

IR FNR NPV

% 95% CI % 95% CI % 95% CI

Subtype
 HR + /HER2− 88.6 (93/105) 82.5–94.7 6.7 (5/75) 1.0–12.4 78.3 (18/23) 61.5–95.1
 HER2 + 87.7 (64/73) 80.2–95.2 9.1 (1/11) 0.1–26.1 98.1 (53/54) 94.5–99.9
 TNBC 83.3 (25/30) 70.0–96.6 6.7 (1/15) 0.1–19.4 90.1(10/11) 72.5–99.9

Number of SLNs retrieved
 1–2 – – 11.1 (4/36) 0.8–21.4 87.5 (28/32) 76.0–99.0
  ≥ 3 – – 2.9 (1/34) 0.1–8.5 97.1 (33/34) 91.5–99.9

Nodal ultrasound response evaluation after NACT 
 Node positive 90.0 (108/120) 84.6–95.4 7.7 (5/65) 1.2–14.2 89.6 (43/48) 81.0–98.2
 Node negative 84.1 (74/88) 76.5–91.7 5.6 (2/36) 0.1–13.1 95.0 (38/40) 88.2–99.9
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safe technique that is routinely used for targeted removal of 
non-palpable breast lesions. Previous studies have employed 
wire localization and reported high clipped node identifica-
tion and removal rates [13–16]. However, most of the exist-
ing studies were retrospective in design and included only 
a limited number of patients. Many of these studies aimed 
to report the feasibility and initial experiences with TAD 
but not the accuracy of the procedure; only a few studies 
have performed complementary ALND as the gold standard, 
which enables the calculation of the FNR and NPV [15, 17, 
18]. The FNR is an important measure of accuracy; it is 
essential that an acceptably low FNR is demonstrated before 
TAD becomes the standard procedure. A high NPV is also 
important, because leaving the residual tumor behind may 
lead to undertreatment of the axilla. Moreover, studies have 
shown that some non-pCR patients may benefit from addi-
tional adjuvant treatment with capecitabine or trastuzumab 
emtansine (T-DM1) [19, 20], and missing any residual dis-
ease can negatively affect their outcomes.

We noted that patients with both successful SLNB and 
WLNB, those with HER2-positive tumors, and those with 
complete ultrasonographic nodal remission had high NPVs 
(95% or higher). The negative predictive value is affected by 
both the false-negative and population positivity rates. From 
an oncological safety perspective, a low FNR is essential 
if the lymph node positivity rate is high. However, if the 
lymph node positivity rate is low, then the required FNR 
may be more flexible. For these patients, the risk of leaving 
any residual tumor behind after a negative TAD is very low: 
approximately 1 in every 50 patients for the HER2-positive 
subtype, approximately 1 in every 20 patients for those in 
whom both SLNB and WLNB are successful, and those with 
ultrasonographic nodal complete remission. Based on our 
observations, we believe that these patients are appropriate 
candidates for TAD after NACT.

The present study adopted a similar design to that of 
the RISAS trial but used wire localization to retrieve clip-
marked nodes. The FNR and NPV of our TAD procedure, 
which consisted of the removal of the clipped node with wire 
localization together with the SLNs, were similar to those 
of the RISAS trial. However, the identification rate of WLN 
(70.7%) in our study was significantly lower in comparison 
to the identification rate of MARI nodes in the RISAS trial 
(94.1%). Similar low IRs were reported in previous stud-
ies using wire localization [18, 21, 22]. Together with our 
results, a similar identification rate of approximately 70% 
was observed across studies using wire localization, which 
was lower than the IR of approximately 90% obtained using 
radioactive seeds. The lower IR raises concerns regarding 
clip visibility after NACT, and the non-visibility of the clip 
after NACT is regarded as a major technical pitfall in this 
practice [18]. Adjustments in the technique and the imple-
mentation of new clip devices with better sonographic 

visibility are of great importance. Some researchers have 
turned to alternative marking methods, and the use of wire-
free and radiation-free localization devices has shown prom-
ising results [23–26].

Our study had several strengths and limitations. One of 
the strengths of this study was the standardization of treat-
ment procedures. The design of the study allowed the evalu-
ation of the FNR and NPV. We used strict criteria to confirm 
the successful retrieval of clipped nodes. Our overall SLNB 
identification rate of 63.0% was lower than that reported in 
other studies that reported SLNB in node-positive patients 
after NACT. We acknowledge that if we had used a dual-
tracer method, our IR would have been higher. It has recently 
been clarified that a dual-tracer method should be used after 
NACT to minimize false negatives and non-IRs when sam-
pling the axilla [27]. However, when the current study was 
designed, the use of blue dye was considered optional [5]. 
This study was also limited to a single comprehensive cancer 
institution with dedicated breast surgeons with considerable 
expertise in ultrasonography. In our study, the wires were 
placed under ultrasound guidance in the operating room 
after general anesthesia. This eliminates the discomfort of 
the patient while wearing the wire and minimizes the risk of 
potential wire displacement. Studies reported high success-
ful identification rates usually have the localization wires 
placed by experienced radiologists before surgery [16, 17]. 
This involves extra scheduling with radiologists and will 
increase the overall cost and impact workflow, especially 
in high-volume centers such as ours. The issue of interob-
server variability may also be considered a limitation and 
is difficult to overcome; however, it may increase the gen-
eralizability of these results in a real-world environment. 
Finally, the actual dropout rate in our study was higher than 
that expected. We performed a post hoc power analysis, and 
the post hoc power of the study was 0.863, which may be 
considered acceptable.

In conclusion, the diagnostic performance of TAD using 
wire localization was similar to that of the procedure per-
formed using radioactive seed localization. TAD using wire 
localization is recommended in institutions with limited 
access to radioactive seeds. There are some technical dif-
ficulties associated with clip visualization after NACT, but 
we believe these technical difficulties should not preclude its 
clinical use, because it can potentially spare patients from 
the default treatment of ALND.

Author contributions WXG, ZQJ, HYJ, OYT, and FZQ were involved 
in the study design, data collection and analysis, interpretation of 
results, manuscript writing, and the decision to submit the manuscript. 
HL and ZN performed the ultrasound, interpreted the ultrasonographic 
results, wrote the manuscript, and decided to submit the manuscript. 
LYQ, WTF, XYT, and LJF were involved in study design, manuscript 
writing, and the decision to submit the manuscript.



178 Surgery Today (2025) 55:172–179

Funding This work was supported by Capital’s Funds for Health 
Improvement and Research (Code: 2018-2-2152) and Beijing Hospitals 
Authority Clinical Medicine Development of Special Funding (Code: 
YGLX202334).

Data availability The datasets generated and/or analyzed in this study 
can be made available upon reasonable request. Please contact the cor-
responding author for additional information.

Declarations 

Conflict of interest The authors declare no conflicts of interest in as-
sociation with the present study.

References

 1. Kaufmann M, von Minckwitz G, Bear HD, Buzdar A, McGale P, 
Bonnefoi H, et al. Recommendation from an international expert 
panel on the use of neoadjuvant (primary) systemic treatment 
of operable breast cancer: new perspectives 2006. Ann Oncol. 
2007;18:1927–34.

 2. Pilewskie M, Morrow M. Axillary nodal management fol-
lowing neoadjuvant chemotherapy: a review. JAMA Oncol. 
2017;3:549–55.

 3. Fisher ER, Wang J, Bryant J, Fisher B, Mamounas E, Wolmark 
N. Pathobiology of preoperative chemotherapy: findings from the 
national surgical adjuvant breast and bowel (NSABP) protocol 
B-18. Cancer. 2002;95:681–95.

 4. Boughey JC, Suman VJ, Mittendorf EA, Ahrendt GM, Wilke 
LG, Taback B, et al. Sentinel lymph node surgery after neo-
adjuvant chemotherapy in patients with node-positive breast 
cancer: The ACOSOG Z1071 (Alliance) clinical trial. JAMA. 
2013;310:1455–61.

 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 pro-
spective, multicentre cohort study. Lancet Oncol. 2013;14:609–18.

 6. Boileau JF, Poirier B, Basik M, Holloway CM, Gaboury L, Sideris 
L, et al. Sentinel node biopsy after neoadjuvant chemotherapy in 
biopsy-proven node-positive breast cancer: the SN FNAC study. 
J Clin Oncol. 2015;33:258–64.

 7. 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;263:802–7.

 8. 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. J Clin Oncol. 2016;34:1072–8.

 9. Diego EJ, McAuliffe PF, Soran A, McGuire KP, Johnson RR, 
Bonaventura M, et al. Axillary staging after neoadjuvant chemo-
therapy for breast cancer: a pilot study combining sentinel lymph 
node biopsy with radioactive seed localization of pre-treatment 
positive axillary lymph nodes. Ann Surg Oncol. 2016;23:1549–53.

 10. National Comprehensive Cancer Network Clinical Practice Guide-
lines (NCCN Guidelines), breast cancer, Version 3.2022, NCCN.
org.

 11. Donker M, Straver ME, Wesseling J, Loo CE, Schot M, Druk-
ker 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;261:378–82.

 12. Simons JM, van Nijnatten TJA, van der Pol CC, van Diest PJ, 
Jager A, van Klaveren D, et al. Diagnostic accuracy of radioac-
tive iodine seed placement in the axilla with sentinel lymph 
node biopsy after neoadjuvant chemotherapy in node-positive 
breast cancer. JAMA Surg. 2022;157:991–9.

 13. Plecha D, Bai S, Patterson H, Thompson C, Shenk R. Improving 
the accuracy of axillary lymph node surgery in breast cancer 
with ultrasound-guided wire localization of biopsy proven meta-
static lymph nodes. Ann Surg Oncol. 2015;22:4241–6.

 14. Dashevsky BZ, Altman A, Abe H, Jaskowiak N, Bao J, Schacht 
DV, et al. Lymph node wire localization post-chemotherapy: 
towards improving the false negative sentinel lymph node biopsy 
rate in breast cancer patients. Clin Imaging. 2018;48:69–73.

 15. Alarcón M, Buch E, Julve A, Hernandorena M, Tajahuerce M, 
Rodríguez H, et al. Sentinel lymph node BIOPSY after neo-
adjuvant therapy in breast cancer patients with lymph node 
involvement at diagnosis. Could wire localization of clipped 
node improve our results? Surgeon. 2021;19:344–50.

 16. 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;46:1028–33.

 17. Flores-Funes D, Aguilar-Jiménez J, Martínez-Gálvez M, Ibáñez-
Ibáñez MJ, Carrasco-González L, Gil-Izquierdo JI, et al. Fea-
sibility and validation of the targeted axillary dissection tech-
nique in the axillary staging of breast cancer after neoadjuvant 
therapy: definitive results. Surg Oncol. 2021;38: 101636.

 18. Hartmann S, Reimer T, Gerber B, Stubert J, Stengel B, Stachs 
A. Wire localization of clip-marked axillary lymph nodes in 
breast cancer patients treated with primary systemic therapy. 
Eur J Surg Oncol. 2018;44:1307–11.

 19. von Minckwitz G, Huang CS, Mano MS, Loibl S, Mamounas 
EP, Untch M, et al. Trastuzumab emtansine for residual invasive 
HER2-positive breast cancer. N Engl J Med. 2019;380:617–28.

 20. Masuda N, Lee SJ, Ohtani S, Im YH, Lee ES, Yokota I, et al. 
Adjuvant capecitabine for breast cancer after preoperative 
chemotherapy. N Engl J Med. 2017;376:2147–59.

 21. Nguyen TT, Hieken TJ, Glazebrook KN, Boughey JC. Localiz-
ing the clipped node in patients with node-positive breast cancer 
treated with neoadjuvant chemotherapy: early learning experi-
ence and challenges. Ann Surg Oncol. 2017;24:3011–6.

 22. 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 dissec-
tion (TAD) in node-positive breast cancer patients. Ann Surg. 
2022;276:e553–62.

 23. Mariscal Martinez A, Vives Rosello I, Salazar Gomez A, Cata-
nese 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 neoadjuvant 
chemotherapy in breast cancer. Surg Oncol. 2021;36:28–33.

 24. Sun J, Henry DA, Carr MJ, Yazdankhahkenary A, Laronga C, 
Lee MC, et al. Feasibility of axillary lymph node localization 
and excision using radar refector localization. Clin Breast Can-
cer. 2021;21:e189–93.

 25. Baker JL, Haji F, Kusske AM, Fischer CP, Hoyt AC, Thompson 
CK, et al. SAVI SCOUT® localization of metastatic axillary 
lymph node prior to neoadjuvant chemotherapy for targeted 
axillary dissection: a pilot study. Breast Cancer Res Treat. 
2022;191:107–14.

 26. Siso C, Esgueva A, Rivero J, Morales C, Miranda I, Peg V, 
et al. Feasibility and safety of targeted axillary dissection guided 



179Surgery Today (2025) 55:172–179 

by intraoperative ultrasound after neoadjuvant treatment. Eur J 
Surg Oncol. 2023;49: 106938.

 27. Brackstone M, Baldassarre FG, Perera FE, Cil T, Chavez Mac 
Gregor M, Dayes IS, et al. Management of the axilla in early-
stage breast cancer ontario health (cancer care ontario) and asco 
guideline. J Clin Oncol. 2021;39:3056–82.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.


	Diagnostic accuracy of sentinel lymph node biopsy and wire localized clipped node biopsy after neoadjuvant chemotherapy in node-positive breast cancer
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design
	Eligibility criteria
	Axillary ultrasound and clip insertion
	Neoadjuvant chemotherapy
	Axillary surgical treatment
	Ultrasonography and histopathological evaluation
	Statistical analysis

	Results
	SLNB
	WLNB
	TAD (SLNB andor WLNB)

	Discussion
	References




