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Radar reflectors for marking of target lymph nodes in initially 
node‑positive patients receiving neoadjuvant chemotherapy 
for breast cancer—a subgroup analysis of the prospective AXSANA 
(EUBREAST‑03) trial

Maggie Banys‑Paluchowski · Steffi Hartmann · Timo Basali · Maria Luisa Gasparri · Jana de Boniface · 
Oreste Davide Gentilini, et al. [full author details at the end of the article]

Abstract
Background Surgical staging procedures of the axilla in initially clinically node-positive (cN +) breast cancer patients receiv-
ing neoadjuvant chemotherapy (NACT) vary across countries. Different procedures such as axillary lymph node dissection, 
sentinel lymph node biopsy, target lymph node biopsy and targeted axillary dissection are currently in use. To date, data on 
radar reflectors as a non-wire and non-radioactive technique for marking target lymph nodes are limited. The present study 
aims at examining the detection rate, the rate of lost markers, and magnetic resonance imaging artifacts after TLN marking 
using a radar reflector before NACT in the largest available cohort of breast cancer patients enrolled in the international 
prospective AXSANA study.
Methods AXSANA (EUBREAST-03) is an international prospective cohort study including cN + patients managed with 
different surgical axillary staging techniques after NACT. Eligible patients have cT1-4c cN + breast cancer and receive 
neoadjuvant chemotherapy. Patients are followed up for 5 years. In the present subgroup analysis, only patients with a TLN 
marked by a radar reflector were included.
Results A TLN was marked by radar reflector insertion in 158 patients prior to NACT. Of these, 136 had final surgery results 
available at the time of analysis, and in 135 out of these 136 patients, localization of TLN was attempted. All radar markers 
were successfully removed. While lymphoid tissue corresponding to the TLN was identified in 132 patients (97.8%), no 
lymphoid tissue was detected on histopathology in three patients. It remains unclear whether the TLN was excised in these 
cases or not. In 1 out of 27 patients (3.7%) who underwent preoperative MRI, image assessment was compromised due to 
artifacts after radar marker placement.
Conclusion To the best of our knowledge, this is the largest prospective series of patients receiving a radar reflector for the 
marking of a TLN prior to NACT for breast cancer. Our data demonstrate that radar reflectors are a reliable tool for marking 
target lymph nodes before neoadjuvant treatment.
Trial registration number: NCT04373655 (date of registration May 4, 2020).

Keywords Breast cancer · Neoadjuvant chemotherapy · Targeted axillary dissection · Radar reflector · Target lymph node · 
Recurrence

Introduction

The optimal surgical management of the axilla after neoad-
juvant chemotherapy (NACT) in patients with breast can-
cer (BC) has been controversially discussed over the last 

two decades [1, 2]. While axillary lymph node dissection 
(ALND) has been recommended as gold standard for all 
initially node-positive patients for many years, studies have 
shown that the removal of selected lymph nodes, such as 
sentinel lymph node biopsy (SLNB) or targeted axillary dis-
section (TAD), may sufficiently stage the axilla and allow 
surgical de-escalation [3–10]. However, it remains unclear 
which patients may safely be offered de-escalation and how Maggie Banys-Paluchowski and Steffi Hartmann have contributed 

equally to this manuscript.
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different staging strategies affect oncological outcomes, arm 
morbidity, and health-related quality of life (HRQoL). This 
uncertainty results in heterogeneous recommendations from 
national and international societies [1].

In TAD, the most suspicious biopsy-confirmed metastatic 
lymph node is defined as the target lymph node (TLN), 
marked before and removed after NACT along with a SLNB 
[1, 11–14]. This procedure can reliably reduce the false neg-
ative rate (FNR) from 12 to 14% for SLNB alone to 2–9%, 
which is lower than the generally accepted cut-off of 10% 
[1, 9, 11–14]. To ensure detection and removal of the TLN, 
the marking technique must allow its reliable identification 
after NACT even in patients achieving complete clinical 
and radiological response in the axilla. Currently, available 
techniques include placement of metallic clips and coils [9, 
15], carbon particles allowing direct visualization during 
exploration of the axilla [13, 14, 16], or markers suitable 
for intraoperative probe-guided detection, e.g., radioactive 
iodine seeds [11], magnetic seeds [17], radar reflectors [18] 
or radiofrequency identification tags. Clips and coils usually 
require a separate preoperative localization procedure, e.g., 
using a wire placement, which may lead to logistic chal-
lenges and discomfort for the patient, or localization fail-
ure if the clip/coil is not reliably visible upon imaging. In 
contrast, carbon and probe-guided detection markers allow 
the patient to directly proceed to surgery following NACT 
without any further intervention. Detection rates of different 
marking techniques vary from 70 to 80% in case of clips/
coils to over 90% in case of radioactive seeds, carbon ink, 
and magnetic seeds [9, 11, 13, 17]. The optimal marking 
technique, however, has not been unanimously identified yet, 
and data on oncological outcomes and complication rates 
among different methods are not available.

Radar reflector localization (RRL) includes the insertion 
of a 12 × 1.6 mm electromagnetic wave reflector under ultra-
sound guidance, using a sterile 16-gauge introducer needle 
system (SAVI SCOUT®, Merit Medical, CA, USA). Intra-
operatively, the reflector is activated by infrared light from 
the probe, reflecting an electromagnetic wave signal back to 
the detection probe. The surgeon is guided by the acoustic 
signal, and the distance between probe tip and marker is 
shown on the console. The reflectors are transcutaneously 
detectable up to a penetration depth of 6 cm and approved 
for implantation in soft tissue, including lymph nodes, for 
an unlimited preoperative period. While RRL is commonly 
used for localization of non-palpable breast lesions, the evi-
dence on its use for the marking of TLNs in the neoadjuvant 
setting is limited. In studies on RRL of lymph nodes, TLNs 
were first marked with a clip before NACT, and then marked 
using a radar reflector in a second procedure shortly before 
surgery [15, 18, 19]. However, this two-stage approach does 
not address the limitation of the relatively low detection rate 
of clips in BC patients responding well to NACT.

The present study aimed at examining the detection rate, 
the rate of lost markers and magnetic resonance imaging 
(MRI) artifacts after TLN marking using a radar reflector 
before NACT in the largest available cohort of BC patients 
enrolled in the international prospective AXSANA study.

Materials and methods

The design of the ongoing AXSANA study (NCT04373655, 
www. eubre ast. org/ axsana) has been described elsewhere 
[1, 17, 20]. Briefly, AXSANA is an international, multi-
center, prospective cohort study initiated by the European 
Breast Cancer Research Association of Surgical Trialists 
(EUBREAST e.V.). Patients with initially cN + BC who 
receive at least four cycles of NACT and convert to ycN0 
are eligible. Axillary staging is performed according to 
institutional and national standards and may include ALND, 
SLNB, TAD, or target lymph node biopsy (TLNB). Co-pri-
mary endpoints are invasive disease-free survival, axillary 
recurrence rate, HRQoL, and arm morbidity. Enrollment 
started in June 2020. The trial has high-quality standards 
with 100% of the datasets being monitored by expert sur-
geons. Performance of different marking techniques, MRI 
artifacts, dislocation and localization failure rates, and lost 
marker rates are secondary endpoints of the study. All cur-
rently available marking techniques for the TLN are allowed.

The current subgroup analysis included patients who 
had TLN marking with a radar reflector before NACT and 
who had undergone axillary surgery by September 30th, 
2024. At surgery, the marker was identified using the SAVI 
SCOUT® handheld probe (Fig. 1). Node status at diagnosis 
and after NACT was assessed clinically according to insti-
tutional standards without study-specific imaging require-
ments. Pathological complete response (pCR) was defined as 
the absence of invasive tumor cells in the breast and axilla. 
Thus, the presence of isolated tumor cells in lymph nodes 
(ypN0[i +]) was defined as non-pCR for the purpose of this 
analysis.

For descriptive analysis, absolute frequencies and pro-
portions were reported for qualitative parameters and 
means ± standard deviations (SD) for quantitative parame-
ters. Detection rate was defined as the proportion of patients 
with successful perioperative identification of at least one 
lymph node marked with a radar reflector out of all included 
cases. The rate of lost markers was determined from the 
proportion of all unsuccessfully removed reflectors out of 
all initially inserted ones. Statistical analysis was performed 
using SPSS® version 27 (IBM, Armonk, New York, USA).

http://www.eubreast.org/axsana
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Results

Five thousand nine hundred twenty-one patients from 27 
countries and 291 study sites had been enrolled in the 
AXSANA study until data cut-off (September 30th 2024). 
In 3314 out of 5921 patients (56.0%), the TLN had been 
marked before NACT, and among these, a radar marker 
had been inserted in 158 cases (4.8%). 136 out of these 158 
patients (86.1%) in whom surgery had been performed and 
documented by September 30th, 2024, were included in the 
present analysis (Fig. 2). These patients were recruited at 24 
study sites in 5 countries. Clinicopathologic characteristics 
are shown in Table 1.

Radar marker placement

In all patients, radar markers were placed before NACT. One 
lymph node was marked in 128 (94.1%) patients, two lymph 
nodes in six cases (4.4%), and three in two patients (1.5%). 
In 135 patients (99.3%), TLN marking was conducted under 
ultrasound guidance. The mean size of the largest marked 
lymph node was 18.1  mm ± 7.1  mm (6–37  mm). In 66 
patients (48.5%), the lymph node marking was performed 
immediately after the core biopsy. In the remaining 70 
patients, node marking took place as a separate procedure, 
with a mean time between core biopsy and TLN labeling of 
25.5 days (± 21.8). The mean time between TLN marking 
and surgical removal was 178.9 ± 50.1 days. Clinical conver-
sion from cN + to ycN0 was achieved in 108 patients (79.4%) 

and 69 patients (50.7%) achieved clinical complete response 
of the primary tumor (ycT0; Table 2).

Radar markers and magnetic resonance imaging

A breast MRI was performed in 27 patients between TLN 
marking and surgery. MRI artifacts caused by radar mark-
ers were described in five out of these 27 patients (18.5%). 
In one of these five patients, the radiologist described an 
impairment of the interpretation of the MRI due to artifacts 
caused by the radar marker (Fig. 3) resulting in a rate of 
3.7% (one out of 27 patients) for patients receiving MRI.

Surgical staging

Targeted axillary dissection was planned as staging tech-
nique in 116 patients (85.3%). Axillary lymph node dissec-
tion as first surgery was scheduled in nine cases (6.6%) and 
target lymph node biopsy in two patients (1.5%). Other stag-
ing techniques were planned in nine (6.6%) patients. In all 
116 patients in whom a TAD was planned, information on 
experience with the radar marker technique for TLN locali-
zation was provided by the study site. In 62 cases (53.4%), 
more than 30 TLN labelings with a radar marker had already 
been performed at the sites to that date.

In 123 patients (90.4%), SLNB was attempted along with 
the TLNB. In 100 patients (81.3%), single-tracer technetium 
was used, followed by dual tracer (technetium + dye) in 16 
patients (13.0%), ICG in 3 patients (2.4%), ICG + techne-
tium in 2 patients (1.6%), SPIO + technetium in one patient 

Fig. 1  Radar reflector localization: A Radar reflector, B Intraopera-
tive confirmation of the presence of the reflector in the removed spec-
imen, C Specimen radiography showing radar reflector in the tissue

Fig. 2  Flowchart of AXSANA study cohort included until September 
30th, 2024
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(0.8%), and dye as single-tracer in one patient (0.8%). The 
SLN was detected and removed in 116 out of 123 cases 
(94.3%) and corresponded to the TLN in 75 (64.7%) of 
patients.

In one patient, primary ALND was conducted and the 
radar probe not used during surgery. In this case, 42 lymph 
nodes were removed, and no postoperative imaging was per-
formed. Therefore, we can report on the removal status of 
radar reflectors in 135 cases. In 134 out of these patients, 
radar markers placed before NACT were unequivocally 
removed. In one case, the radar reflector was neither found 
in the TLN nor in the ALND specimen, but the removal was 

confirmed by a postoperative low-dose thoracic computed 
tomography. The removal rate of radar reflectors was thus 
100%.

In three patients, the tissue specimen containing radar 
reflector consisted of fat tissue and no lymphatic tissue was 
identifiable, so it remains unclear whether the TLN was 
excised, or the reflector might have dislocated.

Discussion

To our knowledge, this study presents the first prospective, 
multicenter analysis of the feasibility of target lymph node 
removal with RRL. It analyzed the largest patient group to 
date and is the only study in which the radar marker was 

Table 1  Characteristics of patients included in the present analysis

HR hormone receptor, HER2 human epidermal growth factor recep-
tor 2
a Mean ± standard deviation (min–max)

n (%)

Sex
Female 135 (99.3%)
Male 1 (0.7%)

Age (years)a 50.6 ± 12.0 (25–77)
Body mass index (kg/m2)a 26.8 ± 5.5 (17.2–47.3)
Clinical tumor stage at diagnosis

cT1 31 (22.8%)
cT2 87 (64.0%)
cT3 17 (12.5%)
cT4 1 (0.7%)

Focality
Unifocal tumor 117 (86.0%)
Bifocal tumor 12 (8.8%)

≥ 3 tumors 7 (5.1%)
Number of suspicious lymph nodes at diagno-

sis
1 68 (50%)
2 39 (28.7%)
3 22 (16.2%)

≥ 4 7 (5.1%)
Histopathological tumor type

Ductal 124 (91.2%)
Lobular 7 (5.1%)
Other 5 (3.7%)

Tumor subtype
HR + HER2 − 45 (33.1%)
HR + HER2 + 31 (22.8%)
HR − HER2 + 14 (10.3%)
HR − HER2 − 46 (33.8%)

Proliferation index Ki67 (%)a 47.0 ± 26.5 (5–95)
Type of breast surgery

Breast-conserving surgery 106 (77.9%)
Mastectomy 30 (22.1%)

Table 2  Clinical and histopathological response to neoadjuvant ther-
apy

NACT  neoadjuvant chemotherapy
a ypT0/ypTis ypN0

n (%)

Clinical tumor stage after NACT 
ycT0 69 (50.7%)
ycT1 47 (34.6%)
ycT2 16 (11.8%)
ycT3 2 (1.5%)
ycT4 1 (0.7%)
Missing 1 (0.7%)

Clinical lymph node status after NACT 
ycN0 108 (79.4%)
ycN + 28 (20.6%)

Pathological tumor stage after NACT 
ypT0 52 (38.2%)
ypTis 11 (8.1%)
ypT1 44 (32.4%)
ypT2 19 (14.0%)
ypT3 7 (5.1%)
ypT4 2 (1.5%)
Missing 1 (0.7%)

Pathological lymph node status after NACT 
ypN0 79 (58.1%)
ypN0(i +) 3 (2.2%)
ypN1mi 12 (8.8%)
ypN1 27 (19.9%)
ypN2 11 (8.1%)
ypN3 3 (2.2%)
Missing 1 (0.7%)

Pathological complete response after NACT a

Yes 56 (41.2%)
No 79 (58.1%)
Missing 1 (0.7)
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inserted into the TLN exclusively before or at the beginning 
of NACT. In contrast, in six out of seven studies published to 
date, the radar marker was sometimes inserted into the clip-
marked TLN before and sometimes after NACT [21–26]. 
Only Baker et al. marked the TLN exclusively before NACT 
in a small, prospective study [27]. This single-stage proce-
dure avoids the difficulties of detecting clip-marked TLNs 
after NACT due to the limited sonographic visualization 
of the clips [9, 28]. Furthermore, the patient is spared an 
additional invasive localization procedure (e.g., wire place-
ment) before surgery, usually necessary in case a clip is used 
for TLN marking. If a radar reflector is placed at the time 
of lymph node biopsy, no further axillary procedures are 
required until surgery. The present analysis confirms the 
high removal rate of radar markers after pre-NACT appli-
cation reported by previous studies (Table 3).

However, for the first time, not only the rate of success-
fully removed markers but also the detection rate of the TLN 
is reported. Lymphatic tissue was detected in most, but not 
all TLN specimens. This may be due to either misplace-
ment of the marker before NACT or intraoperatively, the 
dislocation of the marker into the perinodal tissue due to 
shrinkage of the TLN during NACT, or the absence of lym-
phatic tissue following complete response of a metastatic 

node. Ultimately, it is impossible to determine which of the 
three reasons is the causative factor. At 12 mm in length, 
the radar marker is quite large compared to other markers 
and it seems plausible that it may dislocate from a node 
that only measures a few millimeters after NACT. However, 
other studies have pointed out that the design of the radar 
marker with two antennae ensures very good adhesion in 
the surrounding tissue, and therefore, no migration is to be 
expected [18, 19, 27].

In general, all probe-guided markers used for labeling of 
TLNs have the advantage that the exact position of the TLN 
can be detected transcutaneously during surgery. In contrast 
to the method of carbon marking of the TLN, in which the 
TLN is detected intraoperatively but purely visually, this 
enables targeted localization even before the skin incision 
and thus minimal preparation effort. Whether this leads to 
lower arm morbidity compared to non-probe-assisted axil-
lary surgical procedures is still unclear. Recently, a pooled 
analysis of all available wire-free, probe-based localizable 
markers showed a removal rate of 99% for these markers in 
1355 TAD procedures. According to this analysis of 17 stud-
ies, all radar reflectors were successfully removed; the cases 
of unsuccessful marker removal concerned only magnetic 
seeds, radioactive seeds, and radiofrequency identification 

Fig. 3  MRI imaging in a patient 
with a radar reflector in the 
axilla; the minimal artifact did 
not impair radiological assess-
ment in this case

Table 3  Studies reporting on the feasibility of axillary lymph node marking with radar reflectors before and/or during NACT 

NACT  neoadjuvant chemotherapy, TLN target lymph node, n.a. not available

Study Design Number of patients with 
marked lymph nodes (n)

Number of radar reflectors 
placed before/during NACT (n)

Retrieval rate of 
radar reflector (%)

Our study Prospective, multicenter 136 136 100
Coogan et al. [25] Retrospective, unicentric 79 32 97
Baker et al. [27] Prospective, unicentric 25 25 100
Balija et al. [22] Retrospective, unicentric 57 22 100
Sun et al. [21] Retrospective, unicentric 45 7 100
Easwaralingam et al. [26] Prospective, unicentric 26 7 100
Weinfurtner et al. [24] Retrospective, unicentric 105 n.a 97
Gallagher et al. [23] Prospective, unicentric 86 n.a 100
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tags (RFID) [29]. Compared to all other markers, radioactive 
seeds have the disadvantage that there are regulatory restric-
tions on their use due to their radioactivity, and in many 
countries, they may only be applied to axillary lymph nodes 
for a short time or not at all for radiation protection reasons 
[1]. Apart from radar markers, magnetic and paramagnetic 
markers, and RFIDs are used as probe-guided systems for 
TLN marking [22]. However, these markers may cause arti-
facts of 2–4 cm in MRI [18]. This can lead to an impairment 
of the assessment of breast MRI when it is performed to 
assess tumor response during NACT [17]. Radar markers, 
in contrast, cause minimal MRI artifacts ( < 5 mm) [30]. The 
study presented here is the first to investigate the impairment 
of the assessment of breast MRI by radar reflectors located 
in the axilla and shows a low rate of only 3.7%. Therefore, 
impairment of MRI assessment is an important factor to be 
considered, when a TLN is marked before NACT. Further, 
the probe does not require recalibration for each application 
and has a penetration depth of 6 cm [18, 29]. In general, 
when using probe-supported marking systems, the targeted 
removal of marked lymph node requires a facility that is 
equipped with the corresponding probe system. Therefore, 
costs for the marker itself and the associated probe systems 
need to be considered [1, 22, 31]. Therefore, the dissemina-
tion of these modern guidance procedures may be challeng-
ing, particularly in countries with limited financial resources 
in the healthcare system.

Strengths of the current study are the comparatively large 
patient cohort and the prospective, multicenter study design. 
In addition, all datasets were monitored by experienced 
breast surgeons. We do not report on a direct comparison 
with other TLN marking procedures in terms of feasibil-
ity, postoperative complication rates, and quality of life, as 
recruitment in the AXSANA study is still ongoing. However, 
an evaluation of these endpoints is planned after completion 
of the study.

Conclusion

The use of radar reflectors for marking axillary TLNs in 
patients with initially node-positive breast cancer before 
NACT is associated with high detection rates for TLNs. This 
method represents a safe procedure for the targeted removal 
of initially metastatic axillary LNs after NACT. MRI assess-
ment is rarely impaired by radar markers placed in the axilla. 
Future studies should evaluate all available TLN labeling 
methods not only in terms of applicability but also in terms 
of cost and postoperative morbidity and quality of life.
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