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ABSTRACT

Objective: Breast conserving surgery is an excellent option in the treatment of breast cancer. To achieve a good result with this modality, a surgeon needs
to identify and excise the tumor with adequate margins. The radiofrequency identification (RFID) technique is a wireless localization technique used for
intraoperative breast lesion identification. We assessed the efficacy and outcomes of the RFID technique in breast cancer patients at our institution.
Materials and Methods: This is a single institution, retrospective study (BSMH 22-02X-MWH) of 73 patients. We analyzed the medical records of
women with biopsy-proven breast cancer from June 2020 to August 2022; participants received surgical care at Mercy Health West Hospital. Data collected
included demographics, clinicopathological characteristics, and surgical procedure. The primary objective was to determine the safety and efficacy of RFID.
The secondary objective was to assess the impact of obesity and breast density on the RFID outcomes.

Results: A total of 73 female patients met the eligibility criteria with stage I (59%) and grade 1 (51%) breast cancer with mean age of at diagnosis of 66.8
years and mean body mass index of 31.4 kg/m”. Patients had invasive ductal carcinoma (61%), hormonal positive (56%), and human epidermal growth
factor receptor 2 negative (68%) disease. All RFID tags were placed under image guidance with 100% accuracy of placement with no evidence of migration
or procedure revision. Ninety percent of patients had free surgical margins and only seven patients needed margin re-excision with successful removal of the
lesion and the tag.

Conclusion: RFID localization technique is a safe, effective and reliable procedure that results in favorable patient outcomes and quality of life.
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Key Points
e Safety and efficacy of RFID technique in treatment of breast cancer.
e Feasibility of breast conservative surgery using RFID technique.

© Decreasing unnecessary excision of breast tissue.

Introduction

Breast cancer is the most frequently diagnosed cancer in females and
accounts for the second highest number of cancer-related deaths in
women (1). In 2021, The American Cancer Society estimated that
30% of the anticipated cancer incidence among women would be
breast malignancy (2). Surgical treatment of breast cancer is either
mastectomy or breast-conserving surgery (BCS) and it has been
shown that there are no significant differences in the outcome (3, 4).

Due to the expansion in radiological techniques and breast cancer
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screening, one-third of breast cancers are not palpable during physical
examination (5). Pinpoint localization of the breast mass is one of
the most important factors that determines the success of BCS (3).
Numerous studies have demonstrated the advantages and disadvantages
of different methods of breast mass localization. The wire-guided
localization (WL) technique was the only preferable technique for non-
palpable breast masses; however, this method has some complications
such as infection, wire transection, migration, patient discomfort,
and interference with surgical approach (6-8). A novel technique

has been developed to overcome some of the potential complications.
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In 2017, The radiofrequency identification (RFID) technique was given
approval by the US Food and Drug Administration (FDA). Simply, a
radiofrequency tag is placed under radiographic image guidance one week
preoperatively, allowing the tag to set in place and determine the optimal
surgical approach. The primary objective of our study was to determine the
safety and efficacy of RFID. The secondary objective was to determine the
impact of obesity and breast density on RFID outcomes.

Materials and Methods

Study Design

This study was an IRB-approved (BSMH 22-02X-MWH) retrospective
chart review of clinical and histopathological data from female patients
218 years of age, with biopsy-proven stage 0-IV breast cancer who
underwent BCS using LOCalizer RFID and were seen at Mercy
Health West Hospital between June 2020 and August 2022. Patients
with incomplete clinical data and those treated at other institutions
were excluded.

Data Collection

Data were obtained from the BSMH EPIC system and uploaded into
a secured database. Any missing data was populated using manual
review of each patient’s electronic medical record. Data were collected
on demographic characteristics, biomarker profiles including estrogen
receptor (ER), prolactin receptor (PR), and human epidermal growth
factor receptor 2 (HER2) positivity of the tumor, therapy modalities
(surgery and radiotherapy), disease recurrence, and survival outcomes.

Statistical Analysis

Demographic and clinical characteristics, and treatment modalities
were summarized using descriptive statistics. All data analyses were
performed using IBM SPSS statistics, version 28 (IBM Corp.,
Armonk, NY, USA). Operative time and re-excision rate were assessed
by independent t-test. Significance was assumed when p<0.05.

Surgical Technique

Preoperative: All cases with positive mammographic findings and
biopsy-proven breast cancer underwent the RFID tag placement
following The National Comprehensive Cancer Network guidelines.
One week pre-operatively, the radiologist placed the RFID tag under
image guidance using a local anesthetic. The RFID tag dimensions
are 11-mm long and 2 mm in diameter (Figure 1). Each tag includes
a distinctive identification number (Figure 2) and a polypropylene cap
to protect against migration. Placing the tag involves making a 2-mm
incision in the skin before inserting the applicator.

Intraoperative: Using a handheld reader, the LOCalizer™ RFID
(Hologic, Inc., Marlborough, MA, USA) (Figure 3), the surgeon can
identify the tag with safe and accurate lesion removal with adequate
margin. Intraoperative radiograph of the specimen was done to
confirm removal of the tag, biopsy clip, and the lesion (Figure 4).

Results

A total of 73 patients with biopsy-proven breast cancer stage 0-IV
were included. Patient demographic and clinical characteristics are
summarized in Table 1. Patients were predominantly white (80%) and
postmenopausal (67%) with a median age of 66 years (range 30-91)
and mean body mass index (BMI) of 31.4 kg/m? (median 30.26 kg/

m? range 20-49) at diagnosis. The right breast was the predominant
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Figure 2. Mammography of the breast tissue showing the RFID tags
with its identification numbers

RFID: Radiofrequency identification
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<4— loop probe with a detection up to 7 cm of depth

Table 1. Patients demographics and clinical characteristics

7N
Variable Total
(n=73)
Reader screen A
z/!edlan ‘(range) age at 66.8 (30-91)
iagnosis, years
Gender Female 73 (100%)
Postmenopausal 67 (92%)
e o Menopausal status
: Premenopausal 6 (8%)
230 38 (52%
BMI, kg/m? (52%)
<30 35 (48%)
White 58 (80%)
Ethnicity African American 14 (19%)
Asian 1(1%)
sterile pencil probe with a detection range up to 3.5 cm .
. Right 43 (59%)
Laterality
Left 30 (41%)
Stage 0 23 (32%)
Stage | 43 (59%)
Stage (clinical Stage Il 2 (3%
Figure 3. Handheld RFID hologic localizer (reader and detection ge ( ) . (3%)
Stage Il 4 (5%)
probe)
St [\ 1(1%
RFID: Radiofrequency identification skl (1%)
DCIS 21 (29%)
IDC 44 (61%)
ILC 3 (4%)
Histological subtypes LCIS 1(1%)
Mucinous 2 (3%)
Papillary 1(1%)
Metaplastic 1(1%)
1 37 (51%)
Grade 2 22 (30%)
3 14 (19%)
) >2 cm 9 (12%)
Tumor size
<2cm 64 (88%)
Biomarker status Positive 63 (86%)
Estrogen receptor Negative 10 (14%)
Positive 43 (59%)
Negative 9 (12%)
Progesterone Unknown 21 (29%)
receptor Positive 4 (5%)
Negative 48 (68%)
Unknown 21 (29%)
HER-2
. Yes 10 (14%)
Figure 4. Intraoperative X-ray radiograph showing successful Nodal involvement No 63 (86%)
retrieval of the mass and the tags
B: Scattered areas
cancer site in our cohort (59%). The mean size of the mass was 12.3 of fibro-glandular 27 (37%)
mm (range 2-58 mm). The majority of the excisions were for invasive ) density
. . Breast density
ductal carcinoma (44%) which was stage I (59%), grade 1 (51%) and C: Heterogeneously 43 (59%)
0
ten were node positive (14%). Biomarker evaluation revealed that dense
86% of patients were ER positive, 5% of patients were positive for D: Extremely dense 3 (4%)
HER-2, and 7% had triple negative breast cancer. Only six patients Mean  SD operative 58.8428.7

(8%) received neoadjuvant chemotherapy, three (50%) of them

time, minutes

had pathological complete response. The mean operative time was SD: Standard deviation; BMI: Body mass index; HER2: Human epidermal
growth factor receptor 2; DCIS: Ductal carcinoma in situ; IDC: Invasive
ductal carcinoma; ILC: Invasive lobular carcinoma; LCIS: Lobular carcinoma

in situ

58.8+28.7 minutes. Postoperative pathology discussion revealed that
10% of patients required margin re-excision with no patient required
completion mastectomy Table 2. The independent t-test found that



there was no significant difference in the technique outcomes between
patient with high BMI (230 kg/m?) and lower BMI (<30 kg/m?) (p =
0.5). Furthermore, there was no significant difference in the outcomes
in different types of breast density (p = 0.2). However, patients with
higher BMI and heterogeneously dense breast had some postoperative
adverse events, such as hematoma and seroma (8%).

Discussion and Conclusion

Several studies have established that BCS has the same survival
outcomes compared to simple and modified radical mastectomy, as
well as improved cosmetic outcomes (9-11). A positive surgical margin
is the presence of any invasive or /7-situ tumor on the surgical specimen,
as defined by the surgical practice guidelines. Therefore, the most
crucial step in BCS is obtaining a negative margin that will decrease
the recurrence rate and contribute to successful cancer treatment (12-
14). In order to obtain a successful BCS, you must determine the mass
boundaries with adequate margins around it. Consequently, multiple
methods of localization have emerged to accomplish the clear margin.
The WL technique was the gold standard since its description in the
1970s. However, its limitations as highlighted eatlier opened the space
to develop alternative wireless localization techniques (15). The first
attempt was radioactive seed localization (RSL) but its limitations were
found in the extra requirements for handling the radioactive materials
and arrangement of the combination of surgical and radiological
appointments (16). A randomized prospective evaluation of RSL and
WL determined that there were no significant differences as regard
the re-excision of positive margin (26% vs 57%) and the operative
excision (5.4 vs 6.1 minutes) (17). In 2016, the FDA approved
another technique, Magseed, which was based on recognition of a
ferromagnetic seed using the Sentimag, a handheld magnetometer.
When compared to the WL in a single institution, randomized
controlled trial, the Magseed had the advantage in terms of overall
patient satisfaction (p<0.001) and surgical usability score (70.2+8.9
vs. 58.1£9.1, p<0.001). However, this technique has its limitation
such as other ferromagnetic materials should be totally cleared from
the operative field while using the magnetometer because it might
interfere with seed localization (18-20). The RFID technique has
been reported to be superior to the other techniques, such as wire
localization, radioactive seeds, and cryo-assisted localization due to
its wireless advance, absence of radioactive material, and feasibility of
surgery scheduling (6, 19). Our findings are compatible with other
studies investigating RFID technique outcomes. A recent study done
by Lowes et al. (21) demonstrated that the re-excision rate was 8.7%
with successful placement of the tags in all cases. Recently, two wireless
methods have been developed for identification of breast masses but
are still under investigation. SAVI SCOUT" radar localization has the
limitation of its interaction with electrocautery, which can disturb the
signal or deactivate the reflector. The magnetic marker implantation
(Magseed) requires special instruments during the procedure that
do not interfere with the marker detection (22-25). In contrast, the
RFID technique is more reliable and does not have these limitations.
Although, as determined by McGugin et al. (26), the operative time
was higher in patients with ductal carcinoma i situ (DCIS), our study
demonstrated that there was no significance difference in the operative
time between invasive cancer and DCIS (p = 0.4) (Figure 5). A recent
study by Christenhusz et al. (27), found that the breast density
interfered with tag placement, especially type C and D densities.
However, in our study, there was 100% successful tag placement and
localization with no evidence of migration, regardless of the breast

density and patient BMI.
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Table 2. Margin re-excision for different histological types

Variable Category Number of
patients (%)
n=73
DIC 2 (2.7%)
IDC 2 (2.7%)
0,
Margin re-excision (n=7) ILC 1(1.4%)
LCIS 1 (1.4%)
Met_aplastlc 1(1.4%)
carcinoma

DCIS: Ductal carcinoma in situ; IDC: Invasive ductal carcinoma; ILC: Invasive
lobular carcinoma; LCIS: Lobular carcinoma in situ

(p=0.5)

0 0.5 i 1.5 2 2.5 3 3.5

——CIS —e—IC

Figure 5. Plot graph of the odds ratio time for the Invasive and in-situ
carcinoma

Study Limitations

Potential limitations of our study include being a retrospective study,
having a small sample size, and being a single institution study.

To summarize, preoperative localization of breast lesion is an important
factor in successful breast conserving surgery. In this study the RFID
technique was shown to have favorable efficacy and safety margin rates
among alternative localization techniques.
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