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ABSTRACT

Objective: The lack of objective documentation of pre-neoadjuvant chemotherapy (NAC) tumour margins is a major constraint in performing safe breast
conserving surgery (BCS) in patients with breast cancer. Using a novel method of marking pre-NACT tumour margins with indigenous silver wire markers,
this retrospective observational study attempted to assess the feasibility of safe BCS in breast cancer patients by performing excision wide of the marked

pre-NACT margins.

Materials and Methods: This retrospective observational study was conducted on breast cancer patients who were attending our oncology centre
between May, 2015 and April, 2022. All patients had received NAC followed by surgery as recommended by our multidisciplinary team. All the patients
had a primary operable solitary breast cancer. We used radiopaque metallic rods made from silver to localize tumour margins prior to NAC.

Results: Sixty-four breast cancer patients were included; none had marker-related complications. Following NAC, BCS could be easily performed in 60
patients guided by the silver markers, which were used as temporary implants and removed during surgery. Only 2 patients were seen with positive margins
and were converted to mastectomy.

Conclusion: Breast cancer localization using sterile silver markers before the initiation of NAC is safe, easy, inexpensive, and effective, causing no morbidity
or significant pain to the patients.
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Key Points
e Tumor marking before neoadjuvant chemotherapy is importnant in cases with expected complete response.
e Silver wire markers are faesible , safe and inexpensive tumor marking method.

e Itis effective method and wire could be dected in nearly all cases.

Introduction

Neoadjuvant chemotherapy (NAC) has become a cornerstone of the multidisciplinary treatment approach for breast cancer and has a long
history which goes back almost forty years (1). Several values have been proven for NAC, such as downsizing the breast tumour to facilitate breast
conserving surgery (BCS), down-staging the axilla to allow sentinel lymph node biopsy in node positive cases and permitting iz vivo tests of
treatment response (2). To date, surgery is essential even in those cases which achieved complete clinical response (3). The BCS after down-staging
by NAC has proven to be safe in terms of local recurrence and survival. However, selection criteria should be fulfilled, and accurate localization
of the tumour bed should be carried out before surgery. Usually, marking the tumour location is difficult if no pre-treatment localization method
has been performed, and the surgeon experiences a dilemma when he is unable to localize the tumour bed and sometimes finds himself forced
to perform a mastectomy (4). That is why pre-treatment tumour localization has become the standard in patients undergoing NAC and planned
for BCS (5). Globally, several pre-treatment localization methods have been described and accepted. Tattoo inks, radioactive iodine seeds and
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metallic clips have been studied. However, no standard approach has
been settled upon (6). This study aimed to evaluate the safety and
accuracy of an inexpensive method for marking the margins of breast
tumours before initiating NAC by using radiopaque metallic rods
made from silver wire.

Materials and Methods

This retrospective observational study was conducted between May,
2015 and August, 2022. All cases received NAC and then underwent
subsequent surgery according to our multidisciplinary team (MDT)
decision. All patients gave informed consent before enrolment in
this study. Our study was approved by the local institutional board
(R.22.09.1869). Patients were included when presenting with unifocal
operable breast cancer which required NAC and subsequent BCS after
NAC. Those with metastatic disease, inflammatory types of breast
cancer, those with unplanned excision, recurrent cancer, multicentric
or multifocal lesions, those with WHO performance status >2 or those
with echocardiography which showed an ¢jection fraction (EF) <45%
were excluded from this study. Moreover, patients who progressed on
NAC were transferred for surgery and were excluded from this study.
The patient and tumour characteristics are listed in Table 1.

Initial Evaluation

All of the patients received anamnesis and clinical examination to assess
their palpable breast tumour location, nipple and/or skin affection
and enlarged locoregional lymph nodes. All cases had undergone
an ultrasound guided core needle biopsy, with histopathological
and immunohistochemical staining for ER, PR, HER2, and Ki67.
Breast imaging included mammogram and breast magnetic resonance
imaging (MRI) (if indicated as in cases of dense breast, doubtful
multifocality or multicentricity, lobular cancer, or discrepancy
between mammography and ultrasound). Routine metastatic work-up
was carried out. Alkaline phosphatase was used for early-stage disease,
and whole body computed tomography scan and bone scan for locally
advanced disease. Pre-chemotherapy routine laboratory investigations
(CBC, liver functions, renal functions etc.) and echocardiography
were performed. According to our MDT decisions, the patients
were designated for NAC followed by BCS based on their biological
subtyping and the tumour/breast ratio.

Tumour Localization Prior to Neoadjuvant Therapy by Silver Wire
Rods

The tumour margins were marked by 3—5 metallic rods made from
silver wire which was bought from a supplier as a roll and designed
to be 1-meter in length and 1-mm in diameter. This roll was cut into

small rods which were 2-3 cm long and were sterilized by autoclave,
then kept in a plastic sterile bag (Figure 1). One metallic rod was
placed at each margin of the tumour (upper, lower, medial, lateral,
and posterior if possible). One metallic rod was loaded into a 20-gauge
spinal needle (Figure 2), which was introduced through the skin after a
local anaesthetic injection. Our radiologist propelled the spinal needle
tip to reach one margin of the tumour under ultrasonography (US)
guidance. The metallic rod was pushed with the needle’s stylet when
the spinal needle tip touched the margin (Figure 2). This was repeated
for each margin. To confirm the correct placement of the markers, a
mammogram was carried out after the procedure (Figure 3, 4A).

Neoadjuvant Chemotherapy

Our patients received the standard regimens according to the
molecular type and as recommended by our medical oncologists.
CBC was performed before each cycle. The full course of the planned
neoadjuvant therapy regimens was administered. The patients were
examined after each cycle, and their response was recorded by clinical
examination. The only indication for cessation of NAC and referral to
surgery was disease progression.

Table 1. Patients and their tumour characteristics
43.5 (26-74)

27 (23-31)
4.65 (2.8-6.58)

Median age (year, range)
Mean BMI (range)
Mean initial tumour size (cm, range)

Mean pathological tumour size in cm

o 1.8 (0-3.2) *
Pathological type (tru-cut biopsy)

IDC 52
ILC 12
Biological type (by IHC)

Luminal A 25
Luminal B 20
HER 2 enriched 8
Triple negative 11
Stage at diagnosis

Stage Il 40
Stage llI 24

*0 value in range refers to the ten cases who achieved PCR. BMI: body mass
index; IHC: immunohistochemical analysis

Figure 1. Silver wire roll cut into small rods and pocketed in a sterile plastic bag after autolaving



Clinical Response

The assessment of clinical response was based on imaging studies (Table
2). US was performed for all patients to assess clinical tumour size and
LN status after finishing the planned treatment (Figure 4B). Breast
MRI was performed on 28 patients as requested by our radiologists.
Response to treatment was categorized as complete, partial, stationary,
and progressive according to RECIST criteria.

Surgery

After the completion of preoperative therapy, the patients underwent
surgery at least 14 days after the last cycle to attain normal CBC.
Patients who fulfilled the criteria for breast preservation were offered
BCS either by traditional lumpectomy or by oncoplasty.

Tumour Bed Identification

Pre-operatively, if the tumour became impalpable, a skin mark was
placed by the radiologist in order to allow easy identification of the
tumour bed (Figure 5). When the residual lesion became invisible
on imaging, the radiologist relied on the metallic markers to localize

the tumour bed and place his mark. Intraoperatively, we performed
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wide local excision (WLE) of the tumour bed by obtaining a distance
of about 1 c¢m to the of the palpated markers. We were usually able
to detect the markers in almost all cases and used them as a guide
when addressing the WLE, taking care to remove all visible or palpable
rods (although there are newer tools to detect the wire but they are
more sophisticated and not yet available in our practice) (Figure 6).

Table 2. Clinical and pathological responses to NAC*

Clinical response (n = 64)

Complete clinical response 12 (18.75%)

Partial clinical response 49 (76.5%)
Stationary response 3 (4.6%)
Pathological response (n = 64)

PCR 10 (14%)
Partial pathological response 51 (79.7%)
Minimal or no response 3 (4.6%)

*Neoadjuvant chemotherapy

Figure 2. Twenty gouge spinal needle and technique of marker insertion

Figure 3. Post-procedural mammogram showing 4 silver markers at
tumor margins

Figure 4. A. Pre-neoadjuvant therapy mammography showing the
silver rods incorporated into the tumor margins, B. Post-treatment
mammography showing marked tumor regression with the markers
in place
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Imaging of the specimen by mammogram was carried out in order to
confirm the extraction of all markers. The pathologist could detect
the rods during sectioning of the tumour (Figure 7). Confirmation
of clear safety margins was performed by intraoperative frozen section

examination.

Results

Sixty-four patients with operable breast cancer were enrolled in our
study. The mean age of the cases was 43.5£10.5 years (range 26-74
years). At diagnosis, forty patients had stage IT and 24 had stage III
disease. Fifty-two patients had invasive duct carcinoma and 12 patients
had invasive lobular carcinoma. The mean clinical tumour size was

4.65+1.6 cm. The mean pathological tumour size was 1.8+1.4 cm.

Figure 5. Preoperative skin marking at site of silver markers

At the end of the neoadjuvant course, 49 patients (76.5%) showed
partial response, 3 patients (4.6%) showed stationary response and
12 patients (18.75%) showed complete response of whom, 10 (14%)
had achieved pathological complete response (PCR) at their final
pathological examination. The patient and tumour characteristics are
provided in Table 1. Table 2 shows the clinical and pathologic response
to the NAC. Metallic silver rods were placed in all cases with a median
number of four (range 3-5) prior to NAC. No patient complained
of pain after one day of marker insertion. Six patients complained of
feeling the markers in their breast owing to its superficial placement,
and their complaints were easily managed by assurance and mild
analgesia. No patient had allergy, infection, or extrusion of the
markers. After completion of NAC, the markers were easily detected
by US in all cases without any reported migration with the radiologist
fixing the new borders or clips in cases of complete response with an
external marker on the patient’s skin (Table 3). In the 28 cases who

Figure 6. Intra-operative silver marker detection

Figure 7. A. Lumpectomy specimen marked by threads, B. Specimen mammography showing the markers at tumor margins, C. Silver marker

detected during gross pathology examination



Table 3. Complication rate (n = 64)

Migration

0
Allergy 0
Infection 0

0

Significant pain

Feeling discomfort 6(9.3%)

had MRI, the residual lesions, if present, were clearly described despite
marker artefacts, which did not substantially limit the interpretation
of the radiologists. All patients underwent surgery. Sixty out of 64
patients underwent BCS and 4 patients underwent mastectomy (one
patient was not amenable to BCS and mastectomy was preferred for
the other 3). In all 60 patients who underwent BCS, we were able
to perform WLE with 1 cm wide margins guided by the metallic
markers placed at the tumour borders, which could be easily palpated
in all cases. The specimen mammogram documented the primary
removal of metallic markers in 56 patients at the first atctempt. The
other four cases required re-excision to ensure the removal of all of the
markers. Fifty-cight cases had clear margins at final pathology with
acceptable cosmetic results. Only two cases had positive margins and
had to convert to mastectomy (conversion rate 3.3%). Table 3 shows
complications related to this technique.

Discussion and Conclusion

Neoadjuvant systemic therapy has become an integral part of the
treatment panel for breast cancer. The response to neoadjuvant therapy
is dramatic in some patients, and the rate of PCR has been recorded to
be as high as 32.9% in some publications (6). However, an excellent
response to NAC may make identification of the tumour bed extremely
difficult on post treatment imaging studies, and, therefore, precise
localization and safe BCS may be impossible (7). Edeiken et al. (8)
found that 46.9% of tumours (23/49) were not detected on
mammography after NAC. Moreover, Dash et al. (9) found that no
residual tumours were visualized on 35.7% of mammograms (10/28).
In such cases, preoperative marking and intraoperative identification
of the tumour bed is nearly impossible if a breast tissue marker has not
been placed previously. As localization is required in order to decide
the extent of surgery and to guide pathologists to identify the main
residual lesion, the insertion of breast tissue markers is crucial for
breast cancer patients before starting NAC (10). The BCS after NAC
has proven to be safe in terms of local recurrence and survival. However,
to perform optimal disease eradication at WLE, the whole tumour bed
situated within the pre-NAC margins should be resected (11) although
there are a newer trends which recommend resection according to the
new tumour borders after response to NAC (12). Typically, safe BCS
after NAC is sometimes uncertain owing to the difficult identification
of the tumour bed by examination and imaging studies once the
tumour has regressed. Thus, marking the tumour bed before initiation
or after the first few cycles of neoadjuvant therapy is crucial to perform
safe BCS (13). To date, there is no standard method to mark the
tumour bed prior to neoadjuvant therapy (14). Multiple tumour
localization techniques have been studied. The devices used for
marking the tumour site prior to chemotherapy in clinical practice
include tattoo ink, radioactive iodine seeds, ultrasound detectable
clips, and magnetic implants (15). Cutaneous tattoos are among the
cheapest and most rapid techniques used to mark breast lesions, but
they are less accurate than metallic clips (16). Another marking
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method is the intralesional injection of a charcoal suspension. During
surgery, the target area is visually identified by the dark stain left on the
patient’s skin. Its major drawbacks are the risk of colour migration to
nearby healthy tissue or the risk of confusing the charcoal suspension
with the tumour architecture on histopathological examination (17).
Radioactive markers can be used as well. This is an effective technique,
but it requires complex safety regulations (18). In addation to these
methods, magnetic implants such as the MagSeed have been approved
for long-term implantation in any soft tissue, thus allowing the direct
insertion of the magnetic seed in the lesion before NACT (19).
However, the most popular method used in practice is commercial
titanium clips. Generally, to avoid an extra session for the placement of
the clips, their placement is performed in the same session of the core
needle biopsy. A commercial breast marker needle is inserted through
the same small incision for the core biopsy needle. As the exact response
to NAC cannot be anticipated, the placement of breast markers has
become routine (20). There are several versions of titanium-based
commercial breast markers on the market offered by several companies.
In Egypt, the price of one commercial titanium clip ranges from 3000
LE to 4000 LE which is considered too expensive and so this technique
has not become popular in our country (21). In our study, we used
small rods made from silver which acts as radiopaque metallic markers
and are placed at the tumour margins via the well-known spinal
puncture needle. The placement of the silver markers was easy to
perform, and the procedure was carried out in less than 10 minutes.
Since the silver rods were autoclaved, and insertion was performed
with US-guidance under aseptic condition, it was considered a
relatively safe technique with low complication rates. Several trials
have been made to replace the expensive commercial breast clips and
they have shown that low-cost metallic markers are effective for
tumour localisation and do not interfere with post-treatment radiologic
assessments, including MRI (22). Youn et al. (23), in South Korea,
inserted surgical clips with a semiautomatic gun using a guiding needle
and concluded that surgical clips are easy, safe and low cost. The same
results were reported by Uematsu et al. (24), but in their study, the
surgical clip was introduced via an automated gun. In 2008, Aggarwal
et al. (5) published a feasibility study on safe BCS in patients with
locally advanced breast cancer using silver wire to mark tumour
borders prior to NAC. They performed the same technique used in
our study, but the insertion of silver markers was carried out by
palpation without US guidance. They concluded that these wire
markers were safe, effective, and low cost. One of the possible
complications of silver marker insertion is migration. The low tissue
resistance of breast parenchyma may allow the rods to move from their
original location; however, the rods are generally lodged in the border
of the tumour with half being inside it. Thus, the possibility of marker
migration was low owing to higher tissue resistance (18). Although the
mean duration between marker insertion and surgery was
approximately four months, there were no cases of marker migration
in our study as shown in post treatment imaging studies and specimen
mammograms after surgery. Additionally, other possible complications
such as allergic reactions, infections and intolerable pain were not
reported. Many publications have proven that radiopaque markers are
crucial for tumour localization without disturbing post treatment
imaging assessments, including MRI (25-28). We could assess tumour
response to therapy and make sure of the marker location by use of
multimodal imaging studies; the markers were seen as a radiopaque
metal density on mammogram, and as a hyperechoic linear structure
with or without posterior shadowing on US. While breast MRI has
proven better than mammography in evaluating tumour response after
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NAC (28, 29), metallic markers may result in artefacts on MRI, based
on clip quality, magnetic susceptibility, shape, size, position,
orientation, and the MRI parameters used (29). In our study, the silver
markers created a small signal void on MRI; however, the residual
disease was easily evaluated on MRI. In this study, even when the
tumour completely disappeared in response to NAC, we were still able
to identify the tumour bed preoperatively by imaging as well as
intraoperative by palpation. This can explain the low rate of positive
margins as we had removed the whole pathologic tissue, including all
tumour-bearing breast parenchyma guided by the metallic markers
placed at the tumour margins. A reduction of 2.8 cm in tumour size,
on average, as revealed by the centripetal displacement of the margin
markers and a reduction in the palpable tumour size suggest that the
tumour tissue had been replaced by fibrotic tissue in response to NAC,
leading to a shrinkage of the margins. The use of radiopaque sterile
silver rods for marking the borders of breast cancer is one of the few
attempts of its kind, despite the fact that they have been routinely used
for marking radiation portals with good safety in different body tissues
by radiotherapists (30). We used silver wire, which is available on the
market in the form of rolls of one meter in length and 1 mm in
diameter, which can be cut into small pieces and sterilized by
autoclaving. In comparison to commercial titanium clips, the silver
markers are much less expensive, and their length can be adjusted to be
easily palpated in the breast tissue during BCS. The use of silver
markers and the spinal puncture needle for their insertion costs
approximately 40 LE. The anticipated complications associated with
leaving silver markers in the breast for a few months, migration from
their original site, allergic reaction and infection were not reported in
any of our cases. None of the patients complained of significant pain
one day after the procedure. A few patients complained of discomfort
owing to the superficially placed markers, and their complaints were
easily addressed by counselling. Some limitations should be discussed
in this study. Firstly, this was a retrospective study, and only those
patients who had accepted to have silver marker insertion and had
preoperative imaging for scheduled BCS after NAC were selected.
Therefore, a selection bias may exist. Secondly, the number of cases
was limited to only 64, which may not allow for a generalisation of our
results to the total population. Further studies are required for the
evaluation of this procedure. Thirdly, the insertion of the metallic
marker using a spinal puncture needle is not a globally approved
method.

Breast cancer localization using sterile silver markers before the
initiation of NAC is safe, easy, inexpensive, and effective, causing no
morbidity or significant pain to the patients.
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