
Abstract. Background: Wire-guided localization is the
gold-standard for the detection of non-palpable breast
lesions, although with acknowledged limitations. The aim of
this study was to evaluate the combined use of LOCalizerr™
(Hologic, Santa Carla, CA, USA), and intraoperative
ultrasound (IOUS) for localization and surgery of non-
palpable breast cancer. Patients and Methods: Patients with
non-palpable breast lesions underwent localization
procedure with LOCalizer™ and IOUS. After the placement
of the marker, eight measures were made to guide the
excision. LOCalizerr™ Pencil and IOUS were performed to
obtain the distance between the dissection plane and the
margins of lesions. Results: The procedure was feasible in
the five enrolled patients and associated with clear
oncological margins in all cases. Moreover, a high
satisfaction according to Likert scale for surgeons,
radiologists and patients, performing limited and tailored
resections, was reported. Conclusion: Combining
LOCalizerr™ and IOUS is an effective method for locating
non-palpable breast cancer, guarantying excellent
oncological and cosmetic results.

Worldwide screening mammography campaigns and the
improvement of 3D-tomosynthesis detection has led to an

increase in the diagnosis of non-palpable breast lesions (1). It
is acknowledged that one-third of breast cancers are occult at
first clinical evaluation. The number of patients with non-
palpable breast cancer (NPBC) who are candidates for surgery
might rise substantially considering the increasing use of neo-
adjuvant treatments and downstaging of palpable lesions (2).
Therefore, accurate preoperative localization of non-palpable
lesions is mandatory for correct surgical excision. In patients
with early-stage NPBC, wire-guided localization (WGL) is
widely adopted as the method of localization (3), despite being
associated with several disadvantages, such as migration,
trauma, breakage, patient discomfort, and risk of pneumothorax.
Moreover, the placement of wires should be carried out during
hospitalization, on the same day of surgery (4). 

Since the turn of the century, different innovative
localizing wireless techniques have been tested and adopted
in the search for the ideal system. Radioactive seed
localization (RSL) consists of a system using an intra-
operative gamma probe capable of identifying a 5-mm I125
pellet with a titanium shell, the radioactive seed. Similar
surgical outcomes after its application are reported, including
oncological safety, reoperation rates, minimal invasiveness
and cosmesis. The main limit of this technique is patient
exposure to radioactivity (5-8).

The SCOUT Radar Device (Merit Medical, San Josè, CA,
USA) is a non-radioactive, non-wire localization device
using infrared light and radar technology, and was approved
by the U.S. Food and Drug Administration (FDA) in 2014
for localization of breast lesions. Despite positive results, its
main limit is related to the significant cost of the
intraoperative probe compared to WGL and RSL (9).

The most recently introduced system is the MAGSEED
device (Endomagnetics, Inc, Austin, TX, USA). It was
approved by the FDA in March 2016 and consists of a metal
marker containing iron particles. A dedicated Sentimag probe
uses the MAGSEED to generate an alternating magnetic
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field. The main limits to its use are the absence of a
detectable signal through the skin if placed deeper than 4.0
cm, artifacts at magnetic resonance imaging (MRI), and the
necessity for use of non-magnetic tools during surgery (10).

Intraoperative ultrasound (IOUS) is a fast and simple
method for the detection of NPBC (11). It is affected by
operator experience but is cheap and reproducible.

Recently, a new device was approved by the FDA, the
Faxitron LOCalizer™. It allows the identification of NPBC
through the positioning of a radiographic, radiofrequency
identification (RFID) tag which is recognized by a dedicated
probe (LOCalizer™ Pencil) but in literature, although the
preliminary results compared to conventional WGL were
positive, only scarce data on its use have been reported (12).

The current study aimed to evaluate the accuracy and
feasibility of the combined use of Faxitron LOCalizer™ and
IOUS in the detection of NPBC.

Patients and Methods
Study design. A prospective, randomized pilot study was conducted
to evaluate the feasibility of the combined use of Faxitron
LOCalizer™ and IOUS as a method for localization of NPBC. This
study was reviewed and approved by the local institutional Ethics
Committee (203/20).

Study setting and study population. From 15 June to 15 July 2020,
a series of patients with NPBC and referred to the General Mini-
invasive, Oncological, and Bariatric Surgery Unit of L. Vanvitelli
Campania University in Naples were included. Inclusion criteria
were: A diagnosis of NPBC confirmed by mammography,
ultrasound and core biopsy; a preoperative TNM classification
(eighth edition) (13) up to T1c with maximum diameter <2 cm;
female gender; age between 18 and 70 years.

The patient’s surgical and oncological management were discussed
during a multidisciplinary committee. Patients were provided with
detailed informed regarding the study protocol. We proposed two
different procedural options: Wireless tumor localization using the
LOCalizer™ system associated with IOUS, or the current gold
standard, WGL. All risks and benefits for both techniques were
explained and the patients were able to choose their procedure. All
patients gave their informed written consent to the procedure.

Faxitron LOCalizer™. Faxitron LOCalizer™ is a composite device
composed an RFID chip named a Tag, a Tag applicator, a Reader,
and a surgical probe named a Pencil, which guides the surgeon
looking for the marked lesion. Each inert Tag measures about 1 cm
and has a unique identification number, which is very useful when
there are two or more lesions to excise. A Tag transmits its digital
data only when triggered by an electromagnetic interrogation pulse
from the LOCalizer™ Pencil, releasing an acoustic signal,
indicating its distance in millimeters. The pitch and the volume of
the sound increase when the Pencil approaches the Tag. 

The placement of the Tag was performed at the Division of
Diagnostic Imaging of L. Vanvitelli Campania University (Naples),
10 days before the planned surgery. Two radiologists participated in
the current pilot trial. Tags were placed by introducing a percutaneous
12-gauge applicator under US, with local anesthesia (14).

Since the Tag is clearly identifiable by US, immediately after
placement, the radiologist checked the position of the Tag and
measured its distance from the margins of the lesion. Eight
measures were made and recorded from the Tag to: i) Upper margin,
ii) inferior margin, iii) medial margin, iv) lateral margin, v) cranial
margin, vi) caudal margin, vii) skin, viii) pectoral fascia. Following
the procedure, radiologists completed a questionnaire and were
asked about the placement duration, and their satisfaction with Tag
centering, and Applicator and Tag visibility at US, according to a
Likert scale (range=0-10) (15). Moreover, they gave their evaluation
of the overall procedure 24 h and 1 month after the procedure. 

Surgical procedure and intraoperative combined localization. All
surgical procedures were performed by three experienced oncology
breast surgeons, with extensive US experience (almost 3,000
intraoperative US examinations). Lumpectomies were performed
under general anesthesia. Before the incision, LOCalizer™ Pencil
was used to identify the Tag’s site. A dermographic pen was used
to mark the supposed incisional cut. US examination was adopted
to confirm the Tag’s location. Before incision, the surgeons repeated
the eight measurements reported by the radiologists in order to
verify their correspondence, and assess migration. Therefore, the
surgeons started the lumpectomy using the LOCalizer™ Pencil. The
surgeons were guided by the sound and the indication of the Tag
Pencil distance on the display of the LOCalizer™ Reader. Whilst
the LOCalizer™ allows the distance between the Pencil and the Tag
placed into or near the lesion to be verified, lesion margins
remained occult because the LOCalizer™ system provides
information about the Tag, not about the perimeter of the NPBC. To
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Figure 1. The image shows the intraoperative combined use of
LOCalizer™ and intraoperative ultrasound. The Pencil (labeled 1)
approaches the lesion, following the indication of the distance in
millimeters (A) from the Tag but the surgeon cannot recognize the
margins of the lesion. Intraoperative ultrasound (labeled 2) enables
identification of the perimeter of the lesion and the distance to the
margin (B), improving oncological safety and enabling minimally
invasive resection.



improve selection of the correct section line and to visualize the
lump margins, intraoperative US was performed when the reported
distance on the display between the Pencil and the Tag was <2.5
cm. (Figure 1). Subsequently, the patients underwent conventional
lumpectomy with sentinel lymph node biopsy (16). 

After lump removal, the surgeons confirmed the removal of Tags
using the Pencil on the resected specimen (Figure 2). The Probe was
also positioned into the breast to exclude the existence of a residual
Tag. A further check was performed using US on the resected lump
containing the Tag, which was clearly visible. Finally, the
pathologist carried out an extemporaneous examination of each
specimen. 

After the procedure, the surgeons completed a questionnaire
evaluating six main domains: i) Tag migration, ii) duration of
excision (minutes), iii) Tag visibility at US, iv) margin visibility, v)

US and localizer correspondence, vi) oncological radicality
according to US of specimens. The qualitative parameters were
evaluated according to a Likert scale. Like radiologists, surgeons
expressed their overall impression 24 h and 1 month after the
procedure, collecting their immediate reactions after the procedure
and their global evaluation knowing the histological results. 

All the patients were clinically followed-up regularly at 1, 3 and
6 months after surgery with outpatient visits. Twenty-four hours
after surgery and at 1 month follow-up, patients received a survey
asking about: i) Pain during the placement, ii) the existence of
painful episodes in the period between the Tag placement and
surgery, iii) cosmetic results. The Visual Analog Scale (VAS) (17)
was adopted to evaluate pain and the Likert scale was used for
evaluating the cosmetic results. The patients were asked to give
their overall evaluation of the procedure 24 h and 1 month after it.

Study outcomes. The primary outcome of the study was the
assessment of the feasibility of performing a minimally invasive
lumpectomy with oncological safety margins, using the double
technique of LOCalizer™ combined with IOUS. 

Secondary outcomes were: i) Evaluation of successful Tag
placement under US, ii) identification of the incisional site, iii) Tag
identification, and iv) identification of NPBC margins by US, v)
evaluation of weight and volume of resected lesions, vii) evaluation
of patients, radiologists, and surgeons’ opinions of the procedure. 

Data were described according to each variable type. Continuous
variables are given as the mean with its standard deviation. Non-
continuous variables were evaluated by rating scale such as VAS for
pain and the Likert scale for physician and patient agreement. 

Results

Of the nine patients affected by NPBC referred to our center
between 15 June and 15 July 2020, seven met the inclusion
criteria. Two patients preferred conventional WGL. Five
patients agreed to wireless localization and were enrolled in
the current pilot study and underwent NPBC localization
using LOCalizer™ combined with IOUS. 

All the patients were women, and the mean age was
51±9.56 years. All patients underwent lumpectomy with
sentinel lymph node biopsy. According to TNM
classification, definitive pathology showed a T1b N0 M0
tumor in three patients, a case of T1a N0 M0, and a T1c N0
M0 lesion for the other patient (all the lesions measured less
than 2 cm and were clinical impalpable) (Table I). Tag
placement was performed under US 10 days before surgery.
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Figure 2. Intraoperative image of the LOCalizer™ system in use,
showing the surgeon verifying the presence of the LOCalizer™ Tag in
the resected specimen.

Table I. Patient characteristics.

Patient Age, years TNM classification

1 59 T1b N0 M0
2 42 T1a N0 M0
3 51 T1b N0 M0
4 62 T1c N0 M0
5 41 T1b N0 M0



The mean placement took 3.8±1.3 min. The details of margin
distances for all the patients are reported in Table II. 

Regarding the primary outcome, combined localization
using LOCalizer™ with IOUS was feasible in all patients,
allowing surgical radicality in all patients, as confirmed by
the US evaluation and the examination of the resected
specimen (clear margins in all cases). The definitive
pathology confirmed oncological radicality and diagnosis of
breast carcinoma of no special type in all cases. The mean
specimen volume was 23.4±5.0 cm3 and the mean weight
was 15.4±6.0 g. During the immediate post-surgical period
and follow-up, no complications were reported. No patient
underwent reoperation. 

Radiologists were asked about their satisfaction with Tag
centering according to the Likert scale, providing a score of
8.8±0.8. The score for LOCalizer™-Applicator visibility
under US imaging was 8.6±1.1, while LOCalizer™-Tag
visibility scored 9.2±0.8 (Table III). 

In all five cases, no migration was detected, pre-operative
US measures were totally concordant with the previous data.
The mean duration of lumpectomy was 10.4±3.4 min.
Surgeons assigned the maximum Likert scale score of 10 to
Tag visibility at US. Margin visibility on IOUS had a mean
score of 8.6±1.1, showing complete IOUS and Localizer
concordance (all scored as 10.0) (Table IV).

Regarding patients, pain during Tag placement was almost
absent, thanks to local anesthesia (VAS score for pain:
0.8±0.8) and no particular discomfort in the period between
placement and surgery (VAS score: 0.4±0.5) was reported.
Cosmetic results were also excellent (10.0) (Table V). 

Radiologists’ overall satisfaction was 9.5±0.7 and 10.0 at
24 h and 1 month after the procedure, respectively, whilst for
surgeons, scores were 9.7±0.6 and 10.0, respectively. Overall
evaluation by patients was 9.4±0.5 and 10.0, respectively.
The global agreement at 24 h and 1 month after the surgery
by radiologist, surgeons and patients, was >9.4 for each
category (Table VI). 

Discussion

The current study aimed to evaluate the feasibility of
combining Faxitron LOCalizer™ with IOUS as an effective
method for localization of NPBC. The localization of
clinically occult breast lesions represents an arduous
challenge. This has prompted imaging improvement, the
spread of neoadjuvant chemotherapy, and neoplasm
downstaging. It has been estimated that one-third of breast
cancer lesions are not palpable at diagnosis and accurate
localizing systems are advocated for oncological and tailored
surgery (18). Currently the most widely adopted approach
(up to 80% reported in literature) in guided breast-conserving
surgery for excising non-palpable breast lesions is WGL
[reviewed in (19)]. Nevertheless, many limitations are
known: Patient anxiety, infection, migration and wire
breakage. When a hook wire is used, the placement should
be performed immediately before surgery to reduce the
abovementioned inconveniences. Moreover, the risk of
pneumothorax is not negligible. Wire dislocations can also
result in the resection of an incorrect area of breast tissue,
with the consequent possible need for re-operation (14).
Other localization techniques have been performed but none
have replaced the wire guide. The use of RSL has been
proposed for its advantage of being able to be placed
immediately before surgery. Conversely, the surgical
procedure should be performed within 5 days so as not to
nullify its efficacy. Moreover, the seeds are associated with
radioactive exposure for the patient and the operators, and
disposal management might be difficult (7, 20). Further
localizing systems were developed to improve intraoperative
detection of NPBC. For example, in 1996 in Italy, clinicians
referring to the European Oncological Institute proposed
radio-guided localization of occult lesions (21). This is a
modern alternative method with the advantage of being able
to combine lesion localization with the investigation of the
sentinel lymph node, performing a mixed procedure named
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Table II. The distances in millimeters from the LOCalizer™ Tag
recorded for the eight measures made under ultrasonography.

Patient

Distance of Tag to 1 2 3 4 5

Upper margin                   3               1              2                 5 2
Inferior margin                4               2              4                 2 3
Medial margin                 3               2              2                 1 3
Lateral margin                 5               1              3                 1 3
Cranial margin                 2               3              3                 2 4
Caudal margin                 3               2              2                 2 1
Skin                                21             16            48              33 25
Pectoral fascia                35             39              5              15 8

Table III. Radiological features as evaluated by radiologists (n=2) using
LOCalizer™ combined with intraoperative ultrasound (US).

US visibility*
Duration of Tag

Patient Tag centering* placement, min Applicator Tag

1 10 3 10 10
2 9 5 9 10
3 8 4 7 8
4 9 2 9 9
5 8 5 8 9
Mean 8.8±0.8 3.8±1.3 8.6±1.1 9.2±0.8

*Likert scale score.



sentinel node and occult lesion localization (SNOLL).
Nevertheless, its association with increased weight and
volume of resected specimens compared to WGL is reported.
Moreover, the results are correlated to the variability of the
insertion site (22-24). MAGSEED is a metal marker
generating a magnetic field which is detected by a dedicated
probe. Therefore, ferrous-steel surgical tools produce
undesirable interference with detection, requiring the
adoption of non-magnetic instruments. Moreover,
MAGSEED is not indicated for lesions deeper than 4 cm
because the signal might not be detectable (9) and the marker
has a 5-mm diameter more suitable for mammographic
detection rather than US-vision or surgical exploration. 

It is worth noting that none of the abovementioned systems
are able to give quantitative information about the distance to
the dissection site: surgeons are guided only by a sound
increasing when the lesion has been approached. Moreover,
all the markers can be placed into or very near the lesion, but
none of the conventional systems are able to indicate a
lesion’s margins. However, an accurate and dimensional
evaluation can be achieved by US, during lumpectomy. IOUS
is, in fact, a readily available and cheap method for NPBC
detection and has been evaluated as localization method. Two
IOUS techniques have been described: Krekel et al. used US
as an absolute system, highlighting the ability to determine
the exact location of the lesion, identifying its margins (11).
Ivanovic et al. signaled the lesion with a marker pointing out
the lump during IOUS (25). Both of these procedures had
promising oncological and time-saving results, but the
efficacy of the localization is primarily related to the skill and
experience of the sonographer surgeon, especially in the
evaluation of artifacts linked to the penetration of fluids or
air during the surgery (26-32).

The current observational study is the first Italian study
about the use of RFID technology for localization of NPBC.
Moreover, it is also the first evaluating the combined
adoption of Faxitron LOCalizer™ and IOUS to improve the
identification, oncological safety and minimal invasiveness

of a wireless localizing system. Faxitron LOCalizer™ is
based on a 9-mm Tag associated with an RFID chip, placed
into or near a lesion. It has been approved for long-term
placement over 30 days prior to surgery (33) and its main
peculiarity is the ability to indicate the actual distance in
millimeters between the surgical Pencil and the Tag. To the
best of our knowledge, several non-European studies
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Table IV. Surgical features as evaluated by surgeons (n=3) using LOCalizer™ combined with intraoperative ultrasound (US).

Patient Localization Tag migration Duration of excision, US visibility* Oncological
concordance* min radicality#

Tag* Margins*

1 10 No 9 10 10 Yes
2 10 No 12 10 9 Yes
3 10 No 6 10 7 Yes
4 10 No 10 10 9 Yes
5 10 No 15 10 8 Yes
Mean 10.0±0 10.4±3.4 10.0±0 8.6±1.1
Frequency None All

*Likert scale score. #According to ultrasonography of resected specimen. Concordance: between LOCalizer™ and ultrasonography.

Table V. Pain and cosmetic results as evaluated by patients after lesion
localization using LOCalizer™ combined with intraoperative ultrasound.

Patient Pain during the Pain between placement Cosmetic result 
placement (VAS) and surgery (VAS) (Likert)

1 2 0 10
2 2 0 10
3 4 3 10
4 1 0 10
5 1 0 10
Mean 2±1.2 0.6±1.3 10.0±0

VAS: Visual analog scale.

Table VI. Global satisfaction of radiologists, surgeons and patients with
use of LOCalizer™ combined with intraoperative ultrasound as
measured by Likert scale.

Radiologist (n=2) Surgeons (n=3) Patients (n=5)

At 24 h After At 24 h After At 24 h After 
30 days 30 days 30 days

9 10 10 10 9 10
10 10 10 10 9 10

9 10 9 10
10 10
10 10

9.5±0.7* 10.0±0* 9.7±0.6* 10.0±0* 9.4±0.5* 10.0±0*

*Mean±SD.



demonstrated its effectiveness without the use of IOUS. In a
study performed by DiNome et al., in Los Angeles, the
LOCalizer™ was utilized for 50 breast lumpectomies (33
cancers/50 cases). For 93.9% of patients, the specimen
margins were clean, and the mean volume of breast cancer
was 36.3 cm3 (4). Using the double localization method, in
the current study, oncological radicality was achieved in all
five patients and the mean volume of specimens was
23.4±5.0 cm3. McGugin et al., in Boston, compared
LOCalizer™ to WGL, performing 356 lumpectomies after
WGL and 147 with LOCalizer (12). The mean duration was
shorter with WGL (49 vs. 57 min), while the mean volume
was similar (8.2 cm3 with LOCalizer vs. 8.0 cm3 with
WGL). For 19.1% of the patients treated with LOCalizer™,
re-operation was required (16.8% of reoperations in the
group which underwent WGL).

In Europe, only three studies testing LOCalizer™ were
performed. In Cologne, in 2019, Malter et al. evaluated four
cases using LOCalizer™ localization, showing oncological
radicality without significant surgical complications.
Moreover, surgeons agreed the feasibility of use of the
LOCalizer™ system and reported a satisfaction rating of 90%
(33). In the United Kingdom, Wazir et al. demonstrated that
wireless localization using RFID is an effective and time-
efficient alternative to WGL, with low margin positivity and
reoperation rates. In their study, 10 patients underwent surgical
localization with LOCalizer™. The mean time for deployment
of the RFID tag was 5.4 min (range=2-20 min), slightly
slower than that for our series (3.8±1.3 min). This difference
is probably due to the enrollment in their study of patients
with heterogeneous breast lesions, such as ductal hyperplasia,
which are sometimes more difficult to detect
ultrasonographically. The mean duration for surgical excision
was 10.2 min (range=6-20 min), similar to our observation
(10.4±3.4 min). Mean specimen weight was 19.6 g
(range=4.5-42 g) for malignant lesions (34), while our result
was 8 g (range=4-15 g), p<0.001. It is possible to argue that
combined localization might allow a more tailored resection,
avoiding removal of healthy tissue. However, the
heterogeneity of their population should be considered, as they
also included T2 lesions (diameter>2 cm) and benign lesions
such as fibroadenoma and papilloma. The most recent study
about LOCalizer™ was published by Tayeh et al. in 2020 and
compared the wireless techniques LOCalizer™ and Magseed
vs. the gold standard WGL. Twenty-two patients underwent
Tag or Magseed localization. The mean time was 3.4 min for
the placement and 8.8 min for the excision. In one case, re-
operation was necessary to obtain clean margins (2). Wireless
systems produced better results than WGL procedures,
suggesting that WGL can be replaced as the gold standard. 

Radiologists were asked about their satisfaction according
to the Likert scale, with Tag centering resulting in a score of
8.8±0.8, LOCalizer™-Applicator visibility under US

imaging scoring 8.6±1.1, while LOCalizer™-Tag visibility
scored 9.2±0.8. Ours is the first reported evaluation by
radiologists of radiological performance, although. Malter et
al., in fact, evaluated the satisfaction of surgeons about
aspects of Tag placement (33). 

The current study, even if on a limited population,
obtained excellent results regarding margin safety and a
minimally invasive resection, mainly thanks to the support
of IOUS in the identification of the lesion margins. 

Many device features could be improved: The caliber of
the Tag Applicator is large, and can produce discomfort for
the patients or unaesthetic scars; the Tag is not suitable for
evaluations under MRI because the materials produce
artefacts (34); the latter also prevents its use in patients
undergoing neoadjuvant chemotherapy who are candidates
for MRI evaluation before and after their medical therapies;
the Tag may also be too large for lesions under 1 cm in size. 

The study has some limitations to address. Firstly, the
small sample size and number of surgeons is not negligible.
Secondly, the limited follow-up period (6 months) did not
allow investigation of long-term recurrences. 

Conclusion

Combined use of LOCalizer™ and IOUS system is a feasible
localizing technique. LOCalizer™ allows a quantitative
measure of the distance from the lesion to be obtained, while
IOUS is able to improve the detection of lesion margins.
Performing this double technique, surgical duration is
minimally prolonged but the oncological and cosmetic results
appear better than with other localizing systems. Large
prospective cohort studies comparing LOCalizer™–IOUS with
other localization systems are required to address this issue. 
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