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Abstract
Breast cancer patients with nodal involvement often undergo neoadjuvant chemotherapy. The previously
biopsied node (PBN) provides the most accurate information regarding treatment response. This study aimed
to evaluate the success of a reflector-guided excision of the PBN to predict the response of the axilla. The
reflector described in this report effectively targets the PBN without institutional safety concerns, and reflects
the status of the axilla in all cases.
Background: Recently there are efforts to use sentinel lymph node biopsy (SLNB) techniques after neoadjuvant
chemotherapy (NAC) to minimize axillary surgery. However, studies have shown higher false negative rates in this
scenario, which might result in inaccurate assessment of treatment response and patient prognosis as well as leaving
residual disease behind. In this study, we describe the use of reflector-guided excision of the percutaneously biopsied
node (PBN) as an aid to conventional SLNB and its predictor of the axillary status after NAC. Patients and Methods:
This was a single-institution analysis of patients who underwent axillary fiducial-reflector placement and subsequent
SLNB compared with conventional SLNB. Results: Nineteen patients in the reflector group were matched with 19
patients who underwent conventional SLNB (conventional group). The PBN was identified in the SLNB in 19 patients
(100%) in the reflector group and in 9 patients (47.3%) in the conventional group (P ¼ .002). In the remaining
10 patients in the conventional group, the PBN was identified in the axillary lymph node dissection specimen in 4
patients (21%) and not identified in 6 patients (31.7%). Among the 38 patients, traditional mapping failed to identify the
PBN in 13 patients (34.2%). The PBN was negative in 10 patients (36%) and positive in 18 patients (64%); no
additional positive nodes were identified among patients with a negative PBN, correctly reflecting the status of the
axilla in 100% of cases. Conclusion: Mapping failure after NAC might compromise SLNB. Reflector-guided excision
of the PBN is not only facile and feasible, but more accurately reflects the status of the axilla after NAC.
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Introduction
Identification of axillary nodal metastasis at the time of breast

cancer diagnosis guides multimodal treatment planning. Improve-
ments in preoperative imaging and molecular subtyping allow
tailored options for neoadjuvant chemotherapy (NAC). Recently,
there have been concerted efforts to minimize axillary surgery in
patients who respond to NAC.1,2

Initial trials in sentinel lymph node (SLN) biopsy (SLNB) iden-
tified the false negative rate (FNR) as 7% to 10% in patients with
early-stage breast cancer who underwent upfront surgical
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Figure 1 The Image Is the Specimen Radiograph, Confirming
Excision of the Fiducial Reflector With the Clip,
Confirming Excision of the Percutaneously Biopsied
Node. The Arrowhead Marks the Clip Placed at the
Time of the Percutaneous Biopsy and the Arrow the
Fiducial Reflector Used to Localize the Clip
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treatment.3-6 This evolved to single-center studies of patients who
underwent SLNB after NAC with a FNR of 0 to 20%.7 More recent
multicenter trials on the utility of SLNB after NAC showed a slightly
higher FNR of SLN identification of between 11% and 15% with a
meta-analysis showing an average of 14%.1,2,6,8,9 The largest study to
date, the American College of Surgeons Oncology Group (ACO-
SOG) Z1071 trial, evaluated the role of SLNB after NAC in patients
who presentedwith node-positive disease and identified a higher FNR
of SLNB after NAC as 12.6%.1 Additional studies have suggested
that traditional mapping failure might occur in up to 25% of cases
after NAC, with an even higher FNR among patients with hormone-
receptor positive tumors.10-12

Although the ACOSOG Z1071 trial showed decreased accuracy
of SLN identification after NAC, they reported that the FNR was
reduced if 3 or more nodes were retrieved, dual tracer was used, and
if a radiopaque clip had been placed at the time of biopsy.1,13-15

Taking more than 3 lymph nodes (LNs) or using a dual tracer
technique might result in removal of more unnecessary negative
LNs arbitrarily and increase potential morbidity of axillary surgery.
Localizing the preoperatively clipped LN with a guide wire requires
additional imaging, surgical time, and potential patient discomfort.
Radioactive seed localization has the additional risks associated with
radiation safety and its handling/disposal.10,11,16-19 In this study, we
describe localizing the percutaneously biopsied node (PBN) using a
nonradioactive, infrared-activated fiducial reflector, the SAVI
SCOUT Guidance System (SAVI SCOUT, Cianna Medical, Inc,
Aliso Viejo, CA). This device is a 12-mm implantable, nonradio-
active, infrared-activated, electromagnetic wave reflector. The sur-
geon uses a handheld probe, which produces an audible signal when
immediately over the reflector.20,21 In our institution, we have
adopted using this reflector-guided localization system to target the
PBN. The primary goal of this study was to evaluate the success of
identifying the PBN at the time of surgery and compare the accu-
racy of identifying this LN with and without reflector guidance,
relative to SLNB. The secondary aim was to identify the accuracy of
the PBN reflecting the status of the axilla.

Patients and Methods
Patient Population

After institutional review board approval, we prospectively
identified 19 patients who underwent percutaneous ultrasound-
guided needle biopsy, subsequent axillary LN reflector placement,
followed by axillary SLNB. This group of 19 patients was matched
for age, body mass index (BMI), clinical stage at diagnosis, histol-
ogy, and receptor subtype with 19 patients who underwent con-
ventional axillary SLNB.

Reflector Placement
Preoperatively all patients in the prospective reflector-guided

group underwent preoperative ultrasonography to identify the
PBN. The fiducial reflector was inserted by the breast radiologists
using a single-use, sterile, preloaded 16-gauge needle (5, 7.5, or
10 cm long), using ultrasound guidance.

Surgical Intervention
All patients underwent preoperative injection with technetium-

99 and intraoperative isosulfan blue dye (except for the last
nical Breast Cancer Month 2018
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4 patients who underwent reflector-guided surgery because sur-
geons’ experience and data showed no additional benefit). Patients
underwent mastectomy or breast-conserving surgery in conjunction
with reflector-guided or conventional axillary SLNB. In the reflector
group, the surgeon used a sterile, single-use electromagnetic probe
connected to a console; when immediately placed over the reflector,
an audible signal was emitted. The probe was used to rapidly
identify the point of maximal intensity, which guided the surgeon
directly to the marked PBN. At the time of excision, the node was
characterized on the basis of tracer uptake and if the fiducial
reflector was present. Mapping failure was defined as lack of tracer
uptake in the PBN. Which SLN contained the fiducial reflector was
noted. Specimen radiograph was obtained to confirm the presence
of the fiducial reflector and/or radiopaque clip.

Retrospectively, surgical reports were reviewed for the matched
cohort to identify presence or absence of a biopsy marker clip, tracer
uptake, and, if a clip was present, which SLNB contained the clip or
if it was present in the axillary lymph node dissection (ALND)
specimen (Figure 1).

Pathologic Assessment
Final pathology was reviewed to identify the number and posi-

tivity of SLNs, total nodes positive, and pathologic response.
Complete pathologic response was defined as no identifiable tumor
in the breast or axilla. The “status of the axilla” was defined as
positive if any LN was positive and negative if all LNs were negative.

Statistical Evaluation
Success of excising the PBN was compared in the reflector-guided

and conventional groups using Fisher exact test. Statistical analysis
ation from ClinicalKey.com by Elsevier on March 26, 2018.
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was performed using SPSS Statistics for Windows, Version
24.0 (IBM Corp, Armonk, NY). Two-tailed P value < .05 was
defined as significant.

Results
Thirty-eight total patients were identified who underwent percu-

taneous axillary LN biopsy preoperatively. Of this, 19 patients (50%)
Table 1 Clinicopathologic Features

Feature
Reflector Group

(n [ 19)
Conventional

Group (n [ 19) P
Median Age,
Years (Range)

48 (33-81) 59 (32-72) .1

<50 11 (57.9%) 5 (26.3%)

>50 8 (42.1%) 14 (73.7%)

BMI 28 (20-44) 30 (22-44)

Type of Axillary
LN Biopsy

>.1

Core needle biopsy 16 (84.2%) 12 (63.2%)

Fine needle
aspiration

3 (15.9%) 7 (36.8%)

Clinical N Stage
at Diagnosis

N1 18 (94.7%) 16 (84.2%)

N2 1 (5.3%) 3 (15.8%)

Clinical T Stage
at Diagnosis

>.1

T1 2 (10.5%) 1 (5.3%)

T2 13 (68.4%) 13 (68.4%)

T3 4 (21.1%) 4 (21.1%)

T4 0 (0%) 1 (5.3%)

Histology

Ductal 18 (84.6%) 18 (94.7%) >.1

Lobular 1 (7.7%) 1 (5.3%)

Tumor Receptor
Subtype

Hormone receptor-
positive/HER2�

10 (52.6%) 6 (31.6%) >.1

Hormone receptor-
positive/ HER2þ

3 (15.8%) 6 (31.6%)

Hormone receptor-
negative/HER2þ

0 (0%) 1 (5.3%)

Triple negative 6 (31.6%) 6 (31.6%)

Neoadjuvant
Chemotherapy
Regimen

Anthracycline and
taxane

10 (52.6%) 18 (94.7%)

Nonanthracycline-
based

9 (42.1%) 1 (5.3%)

Anti-HER2
Therapy

Yes 3 (15.8%) 7 (36.8%)

No 16 (84.2%) 12 (63.2%)

pCR

Yes 6 (31.6%) 6 (31.6%)

Abbreviations: BMI ¼ body mass index; pCR ¼ pathologic complete response.
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underwent reflector localized SLNB (reflector group) and 19 (50%)
underwent conventional SLNB (conventional group). The median
age was 48 years (range, 33-87 years) in the reflector group and 59
years (range, 32-72 years) in the conventional group. The median
BMI was 28 (range, 20-44) in the reflector group and 30 (range,
22-44) in the conventional group. Among 38 patients, 16 patients
(84.2%) in the reflector group and 12 patients (63.2%) in the con-
ventional group underwent ultrasound-guided core needle biopsy.
The remainder of the patients in both groups underwent fine-needle
aspiration biopsy. All patients enrolled were clinicallyN1 at diagnosis.
Tumor stage and immunohistochemistry were similar in both groups
and are shown in Table 1. Six patients (31.6%) in each group showed
a pathologic complete response on final pathology.

All patients underwent NAC, with 10 patients (52.6%) in the
reflector group and 18 patients (94.7%) in the conventional group
receiving anthracycline based treatment. Anti-HER2/neu therapy
was administered to 3 patients (15.8%) in the reflector group and
7 patients (36.8%) in the conventional group.

At the time of percutaneous biopsy, a clip was placed in 15 pa-
tients (78.9%) in the reflector group and 13 patients (68.4%) in the
conventional group. All patients in the reflector group underwent
preoperative ultrasound, which identified either the clip or the PBN
according to architectural landmarks. The fiducial reflector was
placed percutaneously using ultrasound guidance at a mean of
2 days (range, 1-12 days) before surgery. No complications occurred
in placement or retrieval of the fiducial reflector.

At the time of surgery, SLNB only was performed in 13 patients
(68.4%) of the reflector group, and in 2 patients (10.5%) of the
conventional group. The remainder of patients underwent SLNB
followed by completion ALND.

The PBN was identified in 32 patients (84.2%). The PBN was
identified by SLNB in all 19 patients (100%) in the reflector group and
in only 9 patients (47.3%) in the conventional group (P¼ .0004). The
PBNwas identified in 4 patients (30.8%) in the ALNDspecimen in the
conventional group. Among 6 patients without a clip, biopsy site
changes were not documented and therefore it is unknown if the PBN
was in the SLNBorALNDspecimen. Subset analysiswas performedon
patients in whom the PBN was identified (reflector group, n ¼ 19;
conventional group, n ¼ 13). Regardless of whether the PBN was
identified in the SLNBor in theALNDspecimen, thePBNwas positive
in 18 patients (56.3%) and negative in 14 patients (43.7%), correctly
reflecting the status of the axilla in 100% of cases. Among the 18 pa-
tients with a positive PBN, 10 patients (56%) had additional nodes
positive and in 8 patients (44.4%) this was the only LN positive for
malignancy. In each case inwhich thePBNwas the onlynode positive, a
mean of 3.4 additional negative nodes were excised as sentinel nodes on
the basis of traditional mapping techniques.

Traditional mapping techniques failed to identify the PBN
similarly in both groups (36.8% of the reflector group and 46.2% of
the conventional group, P > .01). In 7 cases in the reflector group
(36.8%) the PBN was identified using reflector only. Among 32
patients, traditional mapping failed to identify the PBN in 13 pa-
tients (34.2%). The results are summarized in Table 2.

Discussion
Recently, there has been interest in decreasing the extent and

morbidity of axillary surgery, particularly with the use of the SLNB
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Table 2 Surgical, Lymphatic Mapping, and Lymph Node
Status

Reflector Group
(n [ 19)

Conventional
Group (n [ 19) P

Clip Placed at
Time of Biopsy

Yes 15 (78.9) 13 (68.4) >.1

No 4 (21.1) 6 (31.6)

Surgical Procedure

SLNB only 13 (68.4) 2 (10.5) .0006

SLNB with
completion ALND

6 (31.6) 17 (89.5)

Sentinel Lymph Node

Identified successfully 19 (100) 17 (89.5) >.1

Median identified
(range), n

2 (1-5) 3 (1-5)

Median pathology
(range), n

4 (2-10) 4 (1-7)

PBN

Identified at SLNB 19 (100) 9 (47.5) .0004

Identified at ALND 0 (0) 4 (30.8) .03

Not identified 0 (0) 6 (31.6) .02

Mapped with
traditional agents

12 (63.2) 7 (53.8) >.1

Traditional mapping
failure

7 (36.8) 6 (46.2) >.1

Accurately predicted
axillary status

19 (100) 13 (100) >.1

PBN-positive 10 (52.6) 8 (61.5)

Only positive node 4 (40) 4 (50)

PBN-negative 9 (47.4) 5 (38.5)

Identified using
reflector only

7 (36.8) ——

Clipped Nodes, n 15 13

Clip identified in
ALND specimen

0 (0) 4 (30.8) .03

Clipped node positive 10 (66.6) 7 (53.8) >.1

Only lymph node
positive

4 (26.7) 3 (23.1)

Mean, Total Nodes
Excised, n

8.1 15.4

Mean, Total Nodes
Positive, n

1.5 1.4

Patients With
Residual Nodal
Disease

10 (52.6) 9 (47.5)

Positive non-SLN only 0 (0) 3 (33.3)

FNR, % 0 33.3 .2

Data are presented as n (%) except where otherwise noted.
Abbreviations: ALND ¼ axillary lymph node dissection; FNR ¼ false negative rate;
PBN ¼ percutaneously biopsied node; SLNB ¼ sentinel lymph node biopsy.
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technique. However, its accuracy after NAC remains limited,
particularly in cases in which fewer than 3 SLNs were removed,
using a single agent for lymphatic mapping, and hormone receptor-
positive tumor types. Although the ACOSOG Z1071 trial identi-
fied methods to decrease the FNR, each of these techniques is not
nical Breast Cancer Month 2018
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without risk.1,13,15 Testing 3 or more nodes might be unnecessary,
resulting in excising excessive negative nodes, and increasing surgical
morbidity including the risk for lymphedema. Dual tracer tech-
niques might fail in up to 25% of patients who undergo NAC and
do not discriminate the biopsied node from another LN.10,11 Blue
dye has been associated with allergic reactions and rarely anaphy-
laxis.22-24 Furthermore, studies discussing SLNB after NAC report
success in finding a sentinel node, not necessarily the PBN. The
PBN, especially when positive, might show treatment response,
which was also not clearly reported in all studies assessing SLNB
after NAC.1,8,9 Finally, attempting to identify a clipped node
without localization might result in excision of additional arbitrary
LNs, increased surgical time, and requires multiple specimen
radiographs.

To overcome the limitations of traditional SLNB, localization of
the clipped node has been described using wire guidance or radio-
active seed all with associated risks and inconveniences.10,11,16-19,25

Wire localization requires same-day placement, risk for dislodge-
ment, and patient discomfort. Radioactive seed placement, although
decouples operating room with radiology scheduling, poses patient
and physician exposure as well as institutional safety
concerns.10,11,16,17,19 Although technology, like the MagSeed
(Endomagnetics, Inc, Austin, TX), have been considered, magnetic
seed localization also requires a separate probe, is similarly priced,
and requires nonmetal retractors. The reflector-guided system
described in this report avoids a wire in the axilla and the deploying
needle is similar in size to a typical percutaneous biopsy device.

Herein we describe the technique of using a nonradioactive,
infrared-activated fiducial reflector, placed before the day of surgery,
to guide conventional SLNB technique for more accurate identifi-
cation of the PBN. The reflector-guided system described herein
avoids patient and institutional safety concerns, as well as radioactive
seed handling precautions. In contrast to wire localization, the
reflector overcomes same-day placement, potential dislodgement,
and patient discomfort. This reflector-guided technique allows facile
and rapid identification of the PBN, without the limitations of other
localization methods.

Without localization, identifying the PBN depends on traditional
mapping techniques for SLNB: technetium-99 and blue dye (lym-
phazurin, or methylene blue).12 Radioisotope injection is often per-
formed in the Nuclear Medicine Department, which is associated
with additional labor and costs, and when used alone after NAC has
been associated with an increase in FNR. Blue dye mapping has been
associated with anaphylaxis (lymphazurin) and skin necrosis (meth-
ylene blue) andmight not map to the axilla in cases it is injected in the
operating room.26 The patients in the reflector group underwent
conventional mapping in addition to reflector targeting. Although the
SLN identification rate in both groups was similar to published rates,
identifying the PBN was significantly higher in the reflector group
(100% vs. 47.3%; P ¼ .002; Table 2).

In this study we identified a 34% mapping failure to the PBN
using the conventional mapping techniques, which is similar to rates
after NAC reported in the literature.10,11,15 Moreover, mapping
failure has been shown to be more common among patients who
undergo NAC for hormone receptor-positive cancer, in whom
response might be less frequent and conventional mapping might
lead to a false negative node.12 Fiducial reflector guidance allows for
ation from ClinicalKey.com by Elsevier on March 26, 2018.
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directed placement by the radiologist, regardless of previous clip
placement. In the few patients without clip placement, adjacent
landmarks can be identified by the radiologist (ie, proximity to the
pectoralis muscle, nearby vasculature, depth of initial biopsy) are
easily identified by comparing real-time sonography to imaging
before NAC. Although we found an increase in mapping failure
among patients with hormone receptor-positive cancers, power was
insufficient to establish a clear correlation. Without excising the
PBN, we risk incomplete surgery in those with residual disease or
excessive dissection in patients with a pathologic complete response.
Therefore, reflector-guided excision of the PBN is the most facile
and consistent method to reflect the status of the axilla and over-
comes the limitations of traditional mapping techniques. The PBN
was identified in 100% of patients who underwent reflector guid-
ance, and the histopathology of the PBN reflected the status of the
axilla. When the PBN was negative, there were no cases of other
positive LNs.

Identifying the status of the axillary LNs after chemotherapy is
paramount to assessing treatment response, and prognosis.1,13-15 As
the use of NAC becomes more popular, methods to more accurately
assess the axillary response are needed. Ideally, an approach that is
minimally invasive, least intrusive to the patient, cost-effective,
facile, and removes the least number of LNs with the greatest
accuracy is needed. This study shows the clinical utility of using an
infrared-activated fiducial reflector placed before surgery to guide
SLNB of the PBN. This technique improved the accuracy of SLNB
and its reflection of the axillary LN status after NAC. In our
experience, this approach was well tolerated and convenient for the
patient as well as for the operating surgeon and allowed for more
rapid and precise identification of the PBN. In addition, there was a
trend toward the identification of fewer SLNs when the PBN was
marked with a fiducial reflector.

This study was established to explore the feasibility and success of
identifying a PBN using reflector guidance. Our findings demon-
strate a novel approach that might overcome the need for dual tracer
use and the need for resecting additional SLNs as suggested by
ACOSOG Z1071 as well as the SENTinal NeoAdjuant (SEN-
TINA) trials to ensure a lower FNR in patients who undergo
NAC.1,2 When the reflector-guided method described herein is
used, it not only overcomes the inconveniences of other localization
methods, but also identifies the PBN as the sentinel node in 100%
of cases, compared with 47.3% using conventional sentinel node
techniques alone. Therefore, identifying and excising the PBN
provides the most reliable method of determining if the remainder
of the axilla has responded to chemotherapy.

Conclusion
Sentinel LN biopsy with traditional mapping agents after NAC

might result in mapping failure and unintentional excision of
additional LNs. Reflector-guided PBN resection dramatically
improves SLNB after NAC, more precisely reflecting the status of
the axilla, and allows removal of fewer LNs. These findings provide
the first evidence that PBN excision might optimize and minimize
axillary surgery in patients who undergo NAC for node-positive
disease.
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Clinical Practice Points

� Sentinel lymph node biopsy after NAC has an FNR of
approximately 12%. Identifying the PBN, or clipped node, can
decrease the FNR.

� To date, the techniques discussed in the literature to target
dissection to the clipped node involve placing wires or radioactive
seeds in the axilla, both of which have institutional coordination
and safety concerns, respectively.

� This new technique involves a reflector placed in the axilla which
is nonradioactive and uses a separate hand piece, which is less
cumbersome and more efficient.

� Because the PBN predicts the status of the remaining lymph
nodes in the axilla, this is the best tool to identify treatment
response in the axilla.
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