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Abstract
We report the first documented clinical case of the use of magnetic seeds to mark axillary lymph node metastasis in breast
cancer before neoadjuvant chemotherapy. After chemotherapy, the patient showed a complete radiological response. One
single sentinel lymph node was detected using a radiotracer, while the marked node was intraoperative magnetometer-guided
identified. The analysis of the nodes showed negative sentinel lymph node and positive marked node, and the subsequent
targeted axillary dissection was performed. Marking axillary positive lymph nodes with a magnetic seed is a simple and
effective procedure for the intraoperative localisation of the node after neoadjuvant treatment.

INTRODUCTION
We present the first documented case of the use of magnetic
seeds to mark axillary lymph node metastasis in breast cancer
prior to neoadjuvant chemotherapy with magnetometer-guided
intraoperative identification of the marked lymph node.

CASE REPORT
A 73-year-old woman diagnosed with multifocal triple-negative
invasive ductal carcinoma in her left breast, with a Ki-67 index
of 80% and axillary involvement evidenced by ultrasound and
confirmed by core needle biopsy.

Magnetic resonance imaging showed two adjacent lesions,
measuring 29 and 12 mm, where the upper quadrants meet.

Before neoadjuvant treatment, the metastatic lymph node
was marked with a magnetic seed (Magseed, Endomag, Cam-
bridge, UK), so that it would subsequently be easier to localise
during the operation. The patient received 6 cycles of FEC (flu-
orouracil, epirubicin, cyclophosphamide) chemotherapy, after
which MRI revealed a 40% decrease in the breast tumour vol-
ume and ultrasound showed the axillary lymphadenopathy had
developed a complete radiological response. After obtaining the
patient’s informed consent, we performed a hookwire-guided
lumpectomy of the breast lesions, a targeted axillary dissection
through the localisation of the marked lymph node (Fig. 1), and
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Figure 1: Intraoperative magnetometric identification of marked lymph node.

Figure 2: Marked lymph node opened showing magnetic seed placement.

sentinel node biopsy using a radiotracer, which revealed one
sentinel node.

The lymphadenopathies were assessed intraoperatively
using the OSNA (one-step nucleic acid amplification) method,
leading to the diagnosis of macrometastasis in the lymph
node marked with the magnetic seed (45 000 copies/μl) (Fig. 2),
while the sentinel node was negative for metastasis (less than
250 copies/μl). Following the intraoperative identification of
the lymphadenopathies, we performed axillary lymph node
dissection without observing any metastatic involvement in the
rest of the lymph nodes studied.

DISCUSSION
Lymph node involvement in breast cancer is an important
prognostic factor used to guide local and systemic therapies.
Neoadjuvant chemotherapy can achieve an axillary pathological

complete response in 35–49% of patients with previously positive
axillary lymph nodes [1–3].

There is now evidence that axillary lymph node dissection
can be omitted in patients with a complete response [4, 5].

However, early prospective clinical trials found that sentinel
node biopsy, which is currently considered the standard for
primary surgery in clinically negative axillary lymph nodes, has
a high false-negative rate in the context of axillary clinical com-
plete response following neoadjuvant treatment [6].

The SENTINA study revealed a false-negative rate of 14.2%,
which fell to 9.6% if more than one node was biopsied [7]. Clinical
trial ACOSOGZ1071 revealed a false-negative rate of 12.6%. This
rate decreased to 10.8% if a dual tracer was used and to 8.7%
if the lymph nodes were studied using immunohistochemistry.
The same study showed that when the affected lymph nodes
were marked with a clip prior to the neoadjuvant treatment,
then post-treatment removal of these clipped nodes reduced the
false-negative rate to 6.8% [1].

Donker et al. described the MARI (marking the axillary lymph
node with radioactive iodine seeds) technique (marking the
axillary lymph node with radioactive iodine seeds), in which the
affected lymph node was marked before starting chemotherapy
and subsequently identified by locating the seed with a gamma
detection probe. This method correctly identified the marked
lymph node in 97% of cases, with a false-negative rate of 7% [8].

Caudle et al. described the targeted axillary dissection tech-
nique, in which biopsied suspected lymphadenopathies were
marked with a clip before starting the neoadjuvant therapy. After
treatment, in the event of a clinical complete response, a second
technique was used to facilitate intraoperative localisation and
biopsy of the marked node. The sentinel lymph node was subse-
quently identified and the marked node removed. False-negative
rates of 10.1% were reported for the isolated identification of
just the sentinel lymph node alone, 4.2% in the case of just the
marked node, and 1.4% for the identification of both the marked
and sentinel lymph nodes. There is also evidence that in up to
23% of the cases the clipped node was not a sentinel node [9].

The reduction of false-negative rates using the targeted axil-
lary dissection technique, and the fact that the clipped node did
not correspond to the sentinel lymph node in up to 23% of cases,
suggests that the presence of metastasis in the axillary nodes
and the changes caused by the response to chemotherapy can
alter axillary lymphatic drainage pathways, which could explain
the high rate of false negatives.

The integration of targeted axillary dissection into clinical
practice presents a series of difficulties with respect to the
method chosen to guide the surgical removal of the marked
node: the use of an iodine-125 seed entails the handling of
radioactive material, which could lead to regulatory problems
in some countries, and the methods used after neoadjuvant
treatment have the disadvantage of routinely requiring a second
procedure in which a normalised lymph node has to be marked
following a radiological complete response.

The magnetic seed is a new technology that uses a 1 × 5 mm
surgical stainless steel marker. It can be detected using a mag-
netometer (Sentimag, Endomag, Cambridge, UK), which provides
information on the direction to the marker and how far away it is.
This means the marked node can be located in a similar fashion
as the way in which a radioactive iodine seed would be detected,
but without the regulatory problems associated with the use of
radioactive materials.

The magnetic seed has been approved by the FDA since 2016
and has had CE marking since 2017 for the localisation of breast
lesions. In 2018, it was approved for marking soft tissues. The
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product’s technical characteristics ensure that an MRI can be
performed without the risk of the seed moving. However, the
seed generates an MRI artefact that could affect the visualisation
of the tumour within 3 cm of the seed. Therefore, the radiological
response in axillary lymph nodes following neoadjuvant treat-
ment should be assessed with a different imaging technique; in
our case, we used axillary ultrasound.

In our opinion, this MRI artefact can complicate assessment
of treatment response in tumours located within 3 cm of the
axillary cavity. As such, we do not recommend implanting the
magnetic seed prior to neoadjuvant treatment on any tumours
in this area.

We believe marking positive lymph nodes before commenc-
ing neoadjuvant treatment with a magnetic seed could provide a
simple and effective means of intraoperative localisation of the
marked node. Future studies will provide more information on
the usefulness of magnetic seeds in this clinical context.
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