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Background and Objective: With an increasing number of non-palpable breast lesions detected due
to improved screening, accurate localization of these lesions for surgery is crucial. This literature review
explores the evolution of localization methods for non-palpable breast lesions, highlighting the translational
journey from concept to clinical practice.

Methods: A comprehensive search of PubMed, Embase, and Scopus databases until September 2023 was
conducted.

Key Content and Findings: Multiple methods have been developed throughout the past few decades.
(I) Wire-guided localizadon (WGL) introduced in 1966, has become a reliable method for localization. Its
simplicity and cost-effectiveness are its key advantages, but challenges include logistical constraints, patient
discomfort, and potential wire migration. (II) Intraoperative ultrasound localization (IOUS) has shown
promise in ensuring complete lesion removal with higher negative margin rates. However, its udility is limited
to lesions visible on ultrasound (US) imaging. (IIT) Breast biopsy marker localization: the use of markers
has improved the precision of localization without the need for wire. However, marker visibility remains
a challenge despite improvements in their design. (IV) Radioactive techniques: radio-guided occult lesion
localization (ROLL) and radioactive seed localization (RSL) offer flexibility in scheduling and improved
patient comfort. However, they require close multidisciplinary collaboration and specific equipment due to
radioactive concerns. (V) Other wireless non-radioactive techniques: wireless non-radioactive techniques
have been developed in recent three decades to provide flexible and patient-friendly alternatives. It includes
magnetic seed localization, radar techniques, and radiofrequency techniques. Their usage has been gaining
popularity due to their safety profile and allowance of more flexible scheduling. However, their high cost and
need for additional training remain a barrier to a wider adoption.

Conclusions: The evolution of breast lesion localization methods has progressed to more patient-friendly
techniques, each with its unique advantages and limitations. Future research on patient-reported outcomes,
cosmetic outcomes, breast biopsy markers and integration of augmented reality with breast lesion localization

are needed.
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Introduction
Background

Breast cancer remains one of the most common malignancies
worldwide, contributing 12.5% of the total number of new
cases diagnosed in 2020, the latest year available, according
to World Cancer Research Fund (1). With improved
screening programs, an increasing number of breast cancers
are being detected at earlier stages, often presenting as non-
palpable lesions on imaging studies (2). These non-palpable
breast lesions, whether benign or malignant, pose a unique
challenge to the surgical management of breast disease.

Rationale and knowledge gap

Accurate localization of non-palpable breast lesions is
crucial for successful breast-conserving surgery (BCS).
This procedure aims to remove the tumor with an adequate
margin of normal tissue while preserving as much of the
breast as possible (3). The localization step ensures that
the surgeon can accurately identify and excise the lesion,
aiming to achieve clear margins and improve cosmetic
outcomes while minimizing the volume of healthy tissue
removed. The evolution of localization methods for non-
palpable breast lesions has been driven by the need to
overcome the limitations of traditional techniques, improve
surgical outcomes, and enhance patient experience. This
evolution has been characterized by a shift from invasive
and uncomfortable procedures to less invasive and more
patient-friendly techniques.

Objective

"This review will provide an in-depth analysis of the various

Table 1 The search strategy summary
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localization methods, focusing on their translational
journey from concept to clinical practice. We present this
article in accordance with the Narrative Review reporting
checklist (available at https://tbcr.amegroups.org/article/
view/10.21037/tber-23-49/rc).

Methods

PubMed, Embase, and Scopus were searched for studies on
the different localization methods for non-palpable breast
lesions until September 2023 (Table 1).

Localization methods for non-palpable breast
lesions

Multiple methods have been developed throughout the past
few decades to provide accurate localization of non-palpable
breast lesions, and each method has been developed based
on the technology and engineering available. Comparison
of the different localization methods was made with respect
to positive margins, re-operation rate, cost per dive and
patient satisfaction (1able 2).

Overview of imaging modalities used

The choice of imaging modality to guide the wire/marker
placement is decided based on obtaining the best view of
the target lesion whilst optimizing patient comfort (11).
Ultrasound (US) is usually chosen due to real-time imaging,
better patient comfort, and shorter procedure time. US-
based techniques such as Doppler imaging, high frequency
transducers, elastography and contrast-enhanced US
are also implemented in order to obtain a more accurate
characterization of breast lesions (12). Mammogram-guided

ltems Specification

Date of search
Databases and other sources searched

Search terms used

3" September 2023

PubMed, Embase, Scopus

Non-palpable breast lesion; wire-guided localization (WGL); intraoperative ultrasound

localization; breast biopsy marker; HydroMARK; radioguided occult lesion localization
(ROLL); radioactive seed localization (RSL); magnetic seed localization (MSL); Magseed;
radar localization; savi scout; radiofrequency identification (RFID); LOCalizer

Timeframe
Inclusion criteria

Selection process

Up until September 2023
English; any study type

Literature review were conducted by the authors
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Table 2 Comparison of different localization techniques
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Positive margins Re-operation rate

Cost per device

Patient satisfaction Type of study

Wire-guided 15-22.9% (4,5) 14.9-20.8% (4,5)
localization

Intraoperative 5-5.4% (4,7) 4.8-7% (4,7)
ultrasound

Breast tissue marker - _

Radioguided occult 9.8-12.6% (4,5)

lesion localization

17.0-17.2% (4,5)

Radioactive seed 11.7-12.36% (4,5) 6.8-10.3% (4,5)

localization

Magseed® 13.3-20% (5,8,9) 11.25-13.44% (5,8,9)
Savi Scout® 5.6-10.6% (5) 5.3-8.6% (5)
LOCalizer™ - 13.9% (10)

Literature review with
pooled analysis (5), meta-
nalysis of RCTs (4)

20 USD (6) 77.1% (4)

Meta-analyses of
RCTs available (7),
meta-analysis of RCTs (4)

Literature review with
pooled analysis (5),
meta-analysis of RCTs (4)

- 85.6% (4)

Literature review with
pooled analysis (5),
meta-analysis of RCTs (4)

20-50 USD (6) 80% (4)

400 USD (6) 100% (4) Literature review with
pooled analysis (5), cohort
study (9), systematic review

and pooled analysis (8)

450 USD (6) - Literature review with

pooled analysis (5)

550 USD (6) - Systematic review (10)

RCT, randomized controlled trial.

localization is often the second-choice imaging, indicated
in breast lesions that cannot be detected on US or in lesions
with calcifications, such as extensive ductal carcinoma
in-situ (DCIS). However, stereotactic localization has
disadvantages, including longer procedure time, reduced
patient comfort due to breast compression, and limited
choice of direction of needle insertion for marker
placement. Certain anatomic locations can be difficult to
access mammographically, for example, lesions in extremely
posterior, inferior, medial, and central positions (6). It could
be challenging to adjust the depth of needle in z-axis. Also,
there can be possible migration of markers when releasing
the breast from compression after stereotactic guidance, this
is known as the accordion effect (13).

Magnetic resonance imaging (MRI) guidance is indicated
when mammography (MMG) and US fail to adequately
represent the extent of the malignancy or when the findings
are only observed on MRI. However, like mammogram-
guided localizations, specific lesion locations can be
challenging to access for localization under MRI guidance.
This highlights the importance of patient positioning. One
common disadvantage of magnetic seeds, radar reflectors,

© Translational Breast Cancer Research. All rights reserved.

and radiofrequency identification tags are the unavailability
of MRI-compatible delivery systems (14). Computed
tomography (CT) guided localization is used in selected
cases when MRI guidance is not feasible (15).

Lastly, intraoperative imaging can be performed
(including specimen MMG, specimen US) after excision
of breast lesion in order to ensure a complete excision,
to document the removal of wire or marker, and to assess
margin status, which can allow immediate re-excision if
needed to (16).

Wire-guided localization (WGL)

The initial localization of non-palpable breast lesions,
documented in 1966, entailed inserting a bent wire through
a needle into a breast lesion under fluoroscopy guidance (17).
Subsequently, in 1976, the method evolved to combine a
hook wire and a needle delivery system (18). The WGL
technique was initially developed in a laboratory setting,
using phantoms to mimic breast tissue (19). Over the
years, the technique has been refined and improved, with
advancements in imaging technology greatly enhancing the
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accuracy of wire placement.

WGL has proven to be an effective method for breast
tumor localization and remains a gold standard localization
technique (20-23). The procedure involves the insertion of
a wire into the breast under imaging guidance on the day of
surgery. The wire acts as a roadmap for the surgeon, leading
to the target lesion.

Advantages of WGL

The major advantages of WGL lie in its simple tool
requirement and low cost (7). Moreover, wires can be
inserted into the breast using mammographic, US, or
MRI guidance (11,24,25). Not unique to WGL, MMG-
guided localizations are commonly more time-consuming
and less tolerable due to the breast compression and
procedure length (6). Additional views and tools such as
a prone table may be required for optimal visualization.
It is not uncommon for malignancy, in particular DCIS
to present as extensive microcalcification that may not be
easy for surgeons to orientate for an adequate excision due
to the difficulty in comprehending the lesion into three
dimensions from two-dimensional MMGs (19). On the
bright side, it is relatively straightforward to use WGL to
localization via bracketing, a technique developed mainly
for MMG localization to mark the outer edge of a lesion
to facilitate a complete excision (26). Besides, there is no
limitation between the distance of multiple wires for the
ipsilateral breast.

From the historical point of view, the development and
adoption of WGL marked a significant advancement in the
surgical management of non-palpable breast lesions with
greater precision, contributing to improved oncological and
cosmetic outcomes.

Limitations of WGL

Despite its widespread use, WGL also has its drawbacks.
For radiological-related limitations, WGL is highly
dependent on the experience of the radiologist. For wire-
related disadvantages, the risk of wire migration, either
spontaneously or due to patient activity, can lead to
inaccurate localization and, potentially, the wire’s complete
loss (18,19).

For surgical-related disadvantages, the requirement of
performing WGL on the day of surgery can create logistical
challenges and limit flexibility in surgical scheduling. The
wire placement can affect surgical planning and execution.
Intraoperatively, difficulty in following the wire’s track or
the wire exiting the breast at a distance from the lesion can

© Translational Breast Cancer Research. All rights reserved.
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lead to excessive excision of healthy tissue, thus removing
large volumes without achieving improved margins in BCS
and affecting the cosmetic outcome (11). The wire can also
interfere with optimal positioning of the lesion within the
specimen, leading to non-uniform margins.

For patient-related disadvantages, patient discomfort
associated with having a wire protruding from the breast
can be a significant concern. It may require the use of more
than one or two wires, increasing the patient’s discomfort
and surgical difficulty. Also, it involves additional radiation
for the patient, as the placement of the wire needs to be
verified.

As for the cost, although WGL is an economical
technique compared to others, one must take into account
the cost of the wire material plus the cost of imaging
techniques and the increased cost in hospitalization time
and surgical time, as radiological verification of the surgical
specimen is required (and the operating room minute cost is
not negligible) (27).

These issues have driven the development and
optimization of WGL technique, as well as the search for
alternative localization techniques (28).

Intraoperative ultrasound localization (I0US)

IOUS localization is a safe, non-invasive technique that
involves using US imaging during surgery to locate the
lesion (7,29). The IOUS technique is described in a recent
article published by the Australasian Society for Ultrasound
in Medicine (30). Numerous studies have concluded that
IOUS achieves smaller surgical specimen volumes, with
a significantly higher proportion of negative margins,
resulting in more precise surgery, improved cosmetic
outcomes and reduced re-operation risk (31-36). According
to two meta-analyses of randomized controlled trials
(RCTs), the proportion of positive margins was 5-5.4% and
re-operation rate was 4.8-7% (4,7).

Advantages of IOUS

The development of IOUS localization represents a
significant step forward in the management of non-palpable
breast lesions. Firstly, it is a direct visualization technique
performed by the same surgeon intraoperatively, hence
there is no need to depend on other specialists. By enabling
real-time visualization of the lesion—its size, depth and
margin assessment during surgery, it will enable more
precise surgical planning and execution. This technique is
cost-effective and time-efficient, since no devices need to
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Figure 1 Photo of the HydroMARK® device, the hydrogel body
improves the visibility of the metallic marker inside (Mammotome
Corp., Cincinnati, OH, USA) (41).

Figure 2 Ultrasound image of HydroMARK® (Mammotome
Corp., Cincinnati, OH, USA) (41).

be placed before surgery, allowing flexibility in the surgical
schedule and there’s no need for post-operative specimen
verification through radiology. In term of patient benefit,
IOUS avoids subjecting the patient to the discomfort of
pre-operative needle localization and does not involve the
handling of radioactive materials or additional radiation (29).

Limitations of IOUS

The major limitation of IOUS is operator dependency.
Ultrasound technique requires training and has a learning
curve (37). Another disadvantage is that it requires having
an ultrasound machine in the operating room. Furthermore,
the application of IOUS is limited to non-palpable lesions
that are visible on ultrasound imaging. For non-ultrasound-
visible lesions, one can perform IOUS with echo-visible
markers like hydrogel clips. Also, deep lesions can be
particularly challenging on IOUS, especially if the tumor-

© Translational Breast Cancer Research. All rights reserved.
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to-breast ratio is small. In such circumstances, a low-

frequency ultrasound transducer or a longer needle could
be helpful (6).

Non-wire localization methods

In this review, the following non-wire localization methods
will be discussed—breast biopsy markers, radioactive
seeds, magnetic seeds, radar reflectors, and radiofrequency
identification tags.

Breast biopsy marker localization

Intraoperative ultrasound-detected marker localization is
a method that has been developed to improve the visibility
under ultrasound for small or vague lesions (38). US-
visible markers are placed after the core needle biopsy
for precise breast lesion localization pre-operatively and
intraoperatively (39). Apart from US, breast biopsy marker
localization can also utilize mammogram, MRI, and CT
guidance. Most markers are made of metal (titanium and
stainless steel) to generate intense reflection with the
ultrasound wave to denote a positive signal. However,
sometimes, they can still be masked by calcifications in the
breast (40). Non-metal alternatives include carbon-coated
ceramic and polyetherketoneketone (PEKK). Subsequent
improvements involve markers of various shapes, such as
omega and round coil, to make it easier to delineate from
body tissue (39). A later generation consists of an additional
hydrogel body surrounding the marker: Hydrogel clips
(e.g., HydroMARK® and others) (Figure 1) (41). It will
expand after insertion into the body to create an additional
hypoechoic halo and allow a strong central reflection from

the marker (Figure 2) (41).

Advantages of breast biopsy marker localization
HydroMARK® emerges as a marker demonstrating both
safety and effectiveness, featuring favorable traits such as
a minimal propensity for displacement over time and the
ability to remain detectable up to 12 months (42).

The development of marker localization techniques
allows for the precise localization of small or vague lesions
that may not be easily visualized on ultrasound imaging.
Utilizing hydrogel-encapsulated biopsy markers for BCS
emerges as a secure and viable substitute, mitigating
complications associated with the conventional preoperative
WGL approach. This cost-efficient method is poised to
enhance the patient’s overall experience and streamline
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surgical procedures (43,44).

Limitations of breast biopsy marker localization
However, this marker localization technique requires the
percutaneous introduction of a foreign body into the breast,
which might create potential problems, such as marker
extrusion from the skin, challenging placement of marker
within a small lesion, and allergic reaction to metallic
markers in rare circumstances (45). Besides, metal markers,
especially those from the older generation, may not be
easily visible and depend heavily on the expertise of the
operating surgeon (44).

Radioactive techniques

The concept of using radioactive material for tumor
localization was birthed in the late 1990s (46). Initial
development and testing were conducted in laboratory
settings, using models and animals to evaluate the feasibility
and accuracy of the technique.

The radioguided occult lesion localization (ROLL)
technique was first introduced by Luini ez 4/. in 1998. It
involves injecting a radioactive tracer (technetium-99m
colloid) into the lesion under imaging guidance. The tracer
emits gamma radiation, which can be detected using a
handheld gamma probe during surgery, guiding the surgeon
to the lesion (47,48). An advancement of this method
is known as sentinel node and occult lesion localization
technique (SNOLL). SNOLL involves the concurrent
localization of both the hidden lesion and its associated
sentinel lymph node using a single-dose radiotracer. This
innovative approach enables precise localization of non-
palpable breast lesions and simultaneous identification of
the sentinel lymph node (49,50).

Additionally, another radioactive technique is radioactive
seed localization (RSL). Under imaging guidance, a
radioactive iodine 125-labeled titanium-encased seed
is implanted into the center of the breast lesion using a
needle (51). Intraoperatively, the location of the seed and
surrounding lesion are detected by audible feedback from
gamma probe and subsequently excised (52). The first
clinical trials of RSL were conducted in 2001, demonstrating
its potential as an effective alternative to WGL (53). In 2006,
iodine-125 was established as one of the safe radioactive
markers for locating non-palpable breast lesions (52). When
ROLL was compared to RSL, ROLL showed higher patient
satisfaction, whilst RSL showed lower proportion of positive
margins and lower re-operation rate (4,5).

© Translational Breast Cancer Research. All rights reserved.
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In 2017, the radioguided occult lesion localisation using
iodine-125 seeds (ROLLIS) technique emerged. It is a
combination of ROLL and RSL. It utilizes a lower-dose
seed and is tested to be safe, effective, and easily applicable
in large multidisciplinary environments (54,55). ROLLIS
also contributes to patient-centered care, as it was found
to reduce their stress and discomfort before surgery when
compared to WGL (56).

Recent studies have shown promising results with the
use of ROLL for the localization of metastatic axillary
lymph nodes as well. For instance, a study by Rella ez a/.
demonstrated that the ROLL procedure for metastatic
axillary lymph nodes, identified with a clip marker
placement before neoadjuvant chemotherapy initiation,
demonstrated an improvement in the detection of residual
axillary disease in comparison with sentinel lymph node
biopsy alone (57).

The development and adoption of radioactive techniques
for the localization of non-palpable breast lesions represent
a significant advancement in the field.

Advantages of radioactive techniques

ROLL and ROLLIS are safe, effective techniques, widely
studied, and do not require external devices. Furthermore,
its greatest advantage is that it allows for the localization of
the sentinel lymph node with the same radiotracer (49,50).
Radioactive iodine seed has a small size of 4.5 mm and can
be placed five days before surgery (58). It also does not have
depth limitations for detectability (11). Other advantages
include reduction in localization and operation time, lower
proportion of positive margins, lower re-operation rate and
improved patient comfort compared to WGL (4,5,59).

Limitations of radioactive techniques

However, one of the main challenges is the requirement
for close multidisciplinary collaboration between the
nuclear medicine and surgical departments, as well as the
need for specific equipment and training of new staff due
to the radioactive nature of the materials involved (60,61).
Furthermore, surgical flexibility could be considered a
disadvantage for ROLL since it is necessary to inject the
tracer hours or even days before the surgery. Damage of
the seed could potentially release radioactive material,
with the half life of iodine-125 being 60 days (62,63). Any
delay in surgery could put up constructional and logistical
challenges, hence, the adoption has been limited (64).
Another disadvantage would be the high cost of both the
ROLL procedure and the seed. Also, it should be noted that
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Figure 3 A computer-generated photo showing the magnetic seed
(Magseed®), which guides through magnetization (Endomagnetics
Ltd., Cambridge, UK) (66).

! Sentimag,

6778

— &

Figure 4 Sentimag® Localization Platform showing the handheld
magnetic probe connected to the console which displaces the
relative intensity of the signal (Endomagnetics Ltd., Cambridge,
UK) (67).

it is not reversible, and it serves as an auditory guide rather
than a visual one.

Magnetic techniques

Magnetic seed localization (MSL) is a technique developed
in 2016 to overcome some of the limitations of WGL (65).
The magnetic seed (Magseed®) (66) (Figure 3) is a small,
biocompatible, stainless steel implant that can be inserted
into the breast tissue under mammographic or sonographic
guidance to mark the location of a lesion (8). The handheld
magnetic probe (Sentimag® Localization Platform) (67)
(Figure 4) can be used to induce the seed to become a magnet.
"This is achieved by generating an alternating magnetic field

© Translational Breast Cancer Research. All rights reserved.
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which magnetizes the iron in the seed. The magnetized
seed serves as a guide for the surgeon to pinpoint the exact
location of the breast lesion (9).

The development of MSL was driven by the need for
a more flexible and patient-friendly approach to lesion
localization but without the concern about radiation. As
mentioned above, traditional WGL required the wire to
be inserted on the day of surgery, presenting logistical
challenges. US markers, ROLL, and RSL could be
alternatives but each has their respective limitations.

The transition of MSL from bench to bedside involved
rigorous testing to ensure the safety and effectiveness of
the technique. Initial studies were conducted to confirm
the magnetic seed’s biocompatibility and determine the
seed’s optimal size and magnetic properties for effective
localization (68). Following these preclinical studies,
clinical trials were conducted to evaluate the use of MSL
in patients. These trials demonstrated that MSL was safe
and effective, with high successful lesion localization and
removal rates (69-73).

Advantages of magnetic techniques

Since receiving Food and Drug Administration (FDA)
clearance, MSL has been adopted in many hospitals and
clinics. In contrast to WGL and radioactive seed, the small
magnetic seed (5 mm) can be inserted any time ahead of
surgery and is safe for long-term placement (69,74,75).
Clinicians have reported that MSL improves workflow by
allowing more flexibility in scheduling. It also avoids the
strict protocols and safety precautions associated with RSL
due to the lack of radiation concern (65,76). Patients have
also reported a positive experience with MSL, with less
discomfort and anxiety compared to WGL (77). In a meta-
analysis of RCTs published in 2022, patient satisfaction
for MSL was 100%, which was the highest compared to
WGL, ROLL and RSL (4).

Multiple studies have shown promising results when
using magnetic techniques for the localization of non-
palpable breast lesions. For instance, a systematic review
and pooled analysis by Gera er 4l. involving over 1,500
lesions demonstrated that the use of magnetic seeds for
the localization of non-palpable breast lesions resulted in a
high successful placement rate of 94.42% and localization
rate of 99.86% (8). Four studies involved in a direct
comparison with WGL were included for re-excision rate,
which was found to be compatible with no statistically
significant difference (18.50% for MSL wvs. 16.17% for
WGL, P=0.44) (8).

Transl Breast Cancer Res 2024;5:12 | https://dx.doi.org/10.21037/tber-23-49
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SCOUT Reflector Size Comparison

4 mm bady size
smaller than a grain
of rice

| Antennas are superelastic

nitinol alloy

Figure 5 The reflector of the Savi Scout® Surgical Guidance
System (Cianna Medical, Aliso Viejo, CA, USA) (83).

Figure 6 Savi Scout® Surgical Guidance System showing the
handpiece, the console showing the distance from the reflector

(Cianna Medical, Aliso Viejo, CA, USA) (83).

Limitations of magnetic techniques

Despite these potential advantages, magnetic techniques
also have their limitations. The main limitation of the
Magseed® system is that MRI cannot be used to accurately
restage cancer after neoadjuvant chemotherapy. Since the
magnetic field generated by the seed or tracer is affected
by the magnetic field created by MRI, Magseed®will

© Translational Breast Cancer Research. All rights reserved.
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have a 4-6 cm bloom effect (78,79). Furthermore, due to
interactions of magnetic fields between the seed or tracer
and other metallic objects in the surgical field, special
non-ferromagnetic surgical instruments are required (80).
Patients with pacemakers are contraindicated for magnetic
localization. Moreover, the device itself is more costly
compared to wire and additional training is required for
clinical staff (8). Lastly, when multiple Magseed® markers
were placed, a distance of 20 mm or greater is required to
prevent signal interference between the markers (73).

Radar techniques

Radar techniques involve the use of radar reflectors (80).
These devices can be placed inside the breast days or even
months before the surgery, thereby avoiding some issues
associated with WGL. These markers are introduced
percutaneously and identified intraoperatively using a
specific probe (81). According to the principles of radar
technology, radio waves are transmitted from an antenna
to the target lesion. The radar reflector at the site of the
lesion reflects radio waves out to the receiving antenna.
By calculating the intersections of time of flight between
multiple transmitting and receiving antennas, the position
of the target can be estimated (82).

One of the systems is called Savi Scout® Surgical
Guidance System (Cianna Medical, Aliso Viejo, CA, USA)
(Figure 5) (83). This device combines electromagnetic
wave technology with infrared light for localization in
surgery (80). A handpiece emits electromagnetic waves
and non-injurious infrared light, and the electromagnetic
wave signal is then reflected from the reflector to provide
real-time direction and distance guidance (Figure 6) (83).
The radar reflector device contains two antennas made
of nickel titanium (6). The detection range can be up to
6 cm deep from the skin surface (Figure 7) (83). Due to its
safety profile, the FDA approved it for implantation for an
unrestricted length of time (62,84).

Advantages of radar techniques

A pilot study for Savi Scout® Localization (SSL) was
conducted in 2016 by Cox ez al. (81). Subsequently, numerous
studies have proven that SSL is safe, feasible, time-efficient,
and effective for guiding the excision of non-palpable breast
lesions (85-90). This non-radioactive reflector-guided
localization technique is favored by both doctors and patients.
It has minimal artifacts on MRI (83) (Figure 8), unlike
magnetic seed and radiofrequency identification (RFID)

Transl Breast Cancer Res 2024;5:12 | https://dx.doi.org/10.21037/tber-23-49
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Ultrasound

Mammogram

.

Figure 8 The reflector (red circle) of the Savi Scout® under MRI
showing limited artifact (Cianna Medical, Aliso Viejo, CA, USA) (83).

MRI, magnetic resonance imaging.

tags (6). It overcomes most of the disadvantages of WGL
with the absence of external components and the possibility of
early placement (81). A recent literature review with pooled
analysis showed that SSL has superior outcomes in terms of
lower proportion of positive margins and lower re-operation
rate compared to WGL, ROLL, RSL, and MSL (5).
Furthermore, this innovation is associated with high patient
satisfaction (10), minimizing patient discomfort and reducing
time delay (62,90). Hence, there is emerging evidence that
SSL is a good alternative to WGL that warrants further
exploration in our institute.

Limitations of radar techniques
These markers have introduced significant improvements

© Translational Breast Cancer Research. All rights reserved.
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in localizing non-palpable breast lesions. However, certain
limitations warrant consideration. The main limitation is
the cost, encompassing the radar device itself and associated
equipment and training expenses. The system’s learning
curve presents an additional challenge, as accurate reflector
placement demands training and experience. This could
potentially affect localization precision during the initial
phases of implementation.

Additionally, it is important to consider its large size
(the radar device is the largest of all the devices, measuring
12 mm). This can be an advantage in terms of direct
visualization and easy detection but a disadvantage in terms
of more challenging placement, especially in the axilla or
small breast lesions. The larger size may also lead to more
complications, such as hematomas. Furthermore, there
may be signal loss and deactivation of the reflector due
to surgical electrocautery if the device is damaged during
surgery (90). Moreover, patients with implantable devices
or nickel allergy are not suitable for the device. There may
be weaker signals for deeper breast lesions and hematoma,
which are not uncommon after breast biopsy. This could
prevent signals from reaching the probe, thus negatively
affecting the reflector retrieval (85). If multiple devices
are required on the ipsilateral side, the manufacturer’s
recommendation is to keep them at least 2.5 cm apart to
optimise the distinguishable signals even though it is not an
absolute requirement (91).

Despite these limitations, the radar techniques provide
a viable option for localization in non-palpable breast
diseases. Collaborative efforts among researchers, clinicians,
and engineers could drive the development of cost-
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Figure 9 LOCalizer™ RFID breast marker which comes with a
unique number for each tag (Hologic Inc., Marlborough, MA, USA).

AL

Figure 10 The handheld reader of LOCalizer™ System showing
the distance between the tag and the handheld reader (Hologic Inc.,
Marlborough, MA, USA).

effective versions, increasing accessibility. Long-term safety
studies would provide a comprehensive understanding
of its prolonged effects. As the system evolves, it has the
potential to address these limitations and further enhance
its effectiveness in localizing non-palpable breast lesions.

Radiofrequency-based techniques

RFID technology presents another promising solution
for non-palpable breast lesion localization (92). The
RFID hand-held reader (interrogator) generates an

© Translational Breast Cancer Research. All rights reserved.
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electromagnetic field that energizes the tag (transponder).
The tag receives, alters, and re-emits the radiofrequency
signal. Subsequently, the reader captures the altered signal
and responds (93,94). The first clinical study to evaluate the
safety and performance of this technology was conducted in
2015 (95). One of the RFID systems is called LOCalizer™.
This system encompasses two primary components: an
RFID tag equipped with a microchip that stores a unique
identification number (96) (Figure 9), and a handheld
reader that interacts with the tag. This unique number is
transmitted via an antenna incorporated within the tag,
which responds dynamically to the signals dispatched by
the handheld reader (96) (Figure 10). In operation, the tag
not only modifies but also retransmits the signal back to the
reader, facilitating a response in the form of an audio cue.
Moreover, the reader vividly displays the tag’s distinctive
identification number along with the precise distance to it,
thus potentially streamlining the localization process with a
heightened degree of accuracy and efficiency (97).

Advantages of radiofrequency-based techniques

Early experience in the literature showed benefits including
easy operability, accessibility due to small handheld
single-use relatively low-cost probes that can be used
simultaneously by different operation theatres, small probe
for more accurate localization, and unique identifier per
marker, which allows easy recognition when multiple
markers are used (97). Moreover, the RFID tags do not
migrate, therefore they are very useful for marking axillary
lymph nodes (98). Another study by Lowes et 4l., one of the
largest case series in the literature involving 150 patients,
demonstrated its use, including as bracketing tools (92). All
tags were successfully retrieved at the surgical site with a re-
excision rate of 8.7% only. A systematic review published in
2021 by Tayeh et al. involved 1,151 patients and 1,344 RFID
tags. The review concluded that the LOCalizer™ system is
a valid, safe, and effective alternative to WGL (99). A recent
study by Parisi et a/. showed that combined LOCalizer™
and US localization technique had superior oncological
outcomes as compared to LOCalizer™ alone (23).

Limitations of radiofrequency-based techniques

Besides the cost, the size of the tag is relatively large (11 mm),
even though it is smaller than the radar device (96). The
tag generates a 2-5 cm artifact on the MRI (79), which
can compromise the assessment, particularly in post-
neoadjuvant conditions. Like all non-wire solutions, the
tag cannot be further adjusted once deployed. It utilizes an

Transl Breast Cancer Res 2024;5:12 | https://dx.doi.org/10.21037/tber-23-49



Translational Breast Cancer Research, 2024

introducer needle that is wider than the introducer needles
of Magseed® and Savi Scout®. Therefore, deployment
within dense breast tissue could potentially be difficult (99).
Furthermore, the RFID system has similar limitations as
radar technology, such as dislocation of the marker during
insertion, hematoma, and limited detection range (100).

Recent advancements

The integration of augmented reality (AR) in the
localization of non-palpable breast lesions represents a
current, potentially transformative advancement in breast
cancer surgery. Fiber optoacoustic guide (FOQG) is a marker
that is preoperatively implanted in the tumor; then AR is
used for tumor localization and surgical guidance (101).
In 2022, a markerless AR localization method using depth
sensor and 3D breast CT images was proposed (102).
Advantages of AR-guided localization include higher
precision in tumor localization, real-time visualization
during surgery, thus reducing re-operation rates and
shortening the duration of surgery. Although promising
research has been published, AR applications in breast
surgery are still evolving, and the technology’s maturity
needs to be carefully assessed for clinical adoption. Also,
AR systems used in medical settings must undergo rigorous
certification processes to ensure compliance with medical
device regulations (103,104). Limitations of AR localization
include lack of interoperability between healthcare systems,
video flickering problem intraoperatively (103).

Future development

With the promising new markers, the focus remains on
enhancing the patient experience, optimizing oncologic and
cosmetic outcomes, in which large trials are still lacking
to prove their superiority compared to wire guidance. In
addition, knowledge regarding patient-reported outcomes
and cosmetic outcomes of different localization methods are
still inadequate, therefore future studies in this area would
be useful. These could be a major hurdle, especially with
their high cost, thus high-quality evidence will be required
to justify their use.

On the other hand, advances in nanotechnology and
molecular biology could potentially foster the development
of more refined, targeted, and less invasive localization
methods. Moreover, multidisciplinary approaches
encompassing inputs from bioengineers, oncologists,
and surgeons are anticipated to facilitate the creation of
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patient-centric technologies, further tailoring the treatment
protocols to individual patient needs and preferences, such
as targeted axillary dissection with the help of localization
techniques in reducible complications by traditional axillary
dissection (105,106). The importance cannot be further
stressed with the more popular use of breast screening
and improved imaging tools leading to early breast cancer
detection. Concurrently, efforts should be channeled
towards overcoming the existing barriers to the widespread
adoption of newer technologies, including addressing cost-
effectiveness and facilitating interdisciplinary collaboration
and training.

Conclusions

The evolution of localization methods for non-palpable
breast lesions has been characterized by a shift from
invasive and uncomfortable procedures to less invasive and
more patient-friendly techniques. Each method has its
own advantages and limitations, and the choice of method
should be individualized based on the characteristics
of the lesion, the resources available, and the patient’s
preferences. However, there is still room for improvement
and innovation in this field. The current gaps in knowledge
include the patient-reported outcomes and cosmetic
outcomes of different localization methods, therefore
future studies in this area would be useful. In addition, the
benefits of using biopsy markers, e.g., hydrogel markers, on
subsequent surgical outcomes, especially margin status and
re-excision rates, are not well documented in the literature,
therefore more research on biopsy markers would be needed.
Furthermore, research comparing the different non-wire
localization techniques is needed, rather than just comparing
with wire as the reference technique. Lastly, an area of
cutting-edge future research would be on the integration of
AR in localization of non-palpable breast lesions.
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