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Abstract

Introduction: The aim of this study was to evaluate the ac-
curacy and reliability of the Magseed magnetic marker in
breast cancer surgery. Methods: Thirty-nine patients with 41
implanted Magseeds undergoing surgical treatment in 3
surgical oncology departments were included in the retro-
spective trial to study pilot use of the Magseed magnetic
marker in the Czech Republic for localisation of breast tu-
mours or pathological axillary nodes in breast cancer pa-
tients. Results: Thirty-four breast cancer and 7 pathological
lymph node localisations were performed by Magseed im-
plantation. No placement failures, or perioperative detec-
tion failures of Magseeds were observed (0/41, 0.0%), but
one case of Magseed migration was present (1/41, 2.4%). All
magnetic seeds were successfully retrieved (41/41, 100.0%).
Negative margins were achieved in 29 of 34 (85.3%) breast
tumour localisations by Magseed. Conclusion: Magseed is a
reliable marker for breast tumour and pathological axillary
node localisation in breast cancer patients. Magseed is com-
parable to conventional localisation methods in terms of on-
cosurgical radicality and safety. ©2020S. Karger AG, Basel

Introduction

The development of mammography screening pro-
grammes in recent decades has led to an increasing num-
ber of impalpable breast tumours with a requirement for
precise preoperative localisation when breast-conserving
surgery is performed [1].

Various methods have been presented from tradition-
al widely used wire localisation to modern localisation
techniques such as radioactive seed localisation using ra-
dioactive iodine seeds (**’I) [2], SAVI-SCOUT based on
infrared light with radar technology [3], or radiofrequen-
cy identification tags (RFIDs) using radio wave transmis-
sion [4]. Apart from techniques with specific detection
systems, there is a well-known and low-cost localisation
method using carbon injections.

In 2016 the first Magseed magnetic marker (Fig. 1) with
the SentiMag localisation probe (Endomagnetics, Inc,;
Fig. 2) was approved by the Food and Drug Administration
(FDA) [5]. The Magseed is a 1 x 5 mm stainless steel mag-
netic seed deployed in an 18-G sterile needle introducer [6].
Magseed implantation into a breast tumour (Fig. 3, 4) or
pathological lymph node is performed under ultrasound or
mammography guidance. The possibility of long-term
Magseed deployment with no restrictions enables tumour
and lymph node marking in patients with breast carcinoma
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Fig. 1. Magseed — magnetic marker.
Fig. 2. Sentimag — magnetic marker detec-
tion probe.

-
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Fig. 3. Magseed (yellow circle) implanted in a breast tumour on
mammography image.

undergoing neoadjuvant chemotherapy (NAC) [7]. Mag-
seed is detected before and during surgery by the SentiMag
handheld probe using a phenomenon called magnetic sus-
ceptibility. The recommended depth for Magseed implan-
tation and detection is up to 30 mm, but deeper Magseeds
can be detected by probe palpation [7].

An innovative Magseed use is pathologic lymph node
marking in breast cancer patients with NAC. After NAC,
sentinel lymph node biopsy by various tracers and exci-
sion with histological evaluation of marked formerly
pathological lymph node can be performed according to
NCCN guidelines [8]. This procedure, known as a tar-
geted axillary dissection, has a lower false negativity rate
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Fig. 4. A specimen radiograph of excised breast tumour with Mag-
seed implanted.

compared to sentinel lymph node biopsy only and less
postoperative complications than axillary dissection of
level I and II, but it is dependent on a reliable marker [9].

The aim of this study was to evaluate the accuracy and
reliability of the Magseed magnetic marker in breast can-
cer surgery.

Materials and Methods

The study was designed as a clinical retrospective multicentre
trial evaluating pilot use of the Magseed magnetic marker in the
Czech Republic. Three surgical oncology departments specialising
in breast cancer surgery were included in the study - the Depart-
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ment of Surgery, University Hospital Ostrava, the Department of
Surgical Oncology, Masaryk Memorial Cancer Institute, Brno, and
the Oncogynecology Centre and The Institute for the Care of
Mother and Child, Prague. The study was approved by the Ethics
Committee of the Faculty of Medicine, University of Ostrava and
by local Ethics Committees.

Patients with breast cancer confirmed by biopsy and preopera-
tive localisation of tumour or pathological metastatic involved ax-
illary node by Magseed following surgical treatment in one of three
surgical oncology departments were included in the trial. The ex-
clusion criterium was previous disagreement with participation in
any study.

The Magseed was inserted into the tumour or the axillary
lymph node by the radiologist with ultrasonography or mammog-
raphy guidance. Patients were operated on in the period from Feb-
ruary 21, 2018 to February 1, 2020, breast-conserving surgery or
mastectomy and sentinel lymph node biopsy, targeted axillary dis-
section, or axillary dissection of level I and II were performed ac-
cording to the recommendation of a multidisciplinary team. The
Magseed was perioperatively detected by the SentiMag probe, after
resection of the specimen with the seed, a specimen radiograph
was performed. Surgical resection specimens were histologically
examined in the appropriate histopathology department.

Data were retrospectively collected from the medical records.
Observed patients’ parameters were age, side and breast quadrant,
duration and type of surgery, tumour type, tumour size, TNM clas-
sification, tumour grading, Magseed placement complications,
Magseed migration, depth of Magseed placement, perioperative
complications with Magseed detection, time from localisation to
surgery, tumour positive margins according to histological find-
ing, use of a neoadjuvant therapy, and the final histological finding
of lymph nodes.

The primary outcome was to evaluate the accuracy and reliabil-
ity of the Magseed magnetic marker used for localising the tumour
and pathological axillary lymph nodes in breast cancer patients.
Mean values, percentages, and ranges were calculated.

Results

Thirty-nine patients with 41 implanted Magseeds were
included in the study meeting inclusion criteria; individ-
ual surgical oncology departments contributed with 5, 15,
and 19 patients. Thirty-four Magseeds were used for lo-
calization of impalpable breast lesions and 7 Magseeds
were used for the localization of the initially pathological
axillary lymph node that was marked with a Hydro-
MARK® before the neoadjuvant treatment. Two patients
had 2 Magseeds implanted each. One patient had 1 Mag-
seed for breast tumour localisation and another localised
pathological node. Another patient had multicentric
breast tumour and 2 Magseeds were implanted into me-
dial and lateral tumour centres in the lower breast quad-
rants. The mean age of patients was 61.6 years, median 66
years, with a minimum of 40 and a maximum of 78 years.

All patients suffered from invasive or preinvasive
breast carcinoma (39/39, 100.0%). Thirty-one patients
(79.5%) underwent surgical therapy first, 8 patients
(20.5%) were operated after neoadjuvant systemic treat-
ment. The most common tumour type was invasive car-

Magseed Localisation in Breast Cancer
Surgery

Table 1. Number of patients in subgroups according to tumour
type and grade

Grade 1 Grade?2 Grade3 Total (% of

39 patients)
Invasive carcinoma 12 16 4 32(82.1)
NST
Lobular carcinoma 2 3 - 5(12.8)
Mucinous carcinoma - - 1 1(2.6)
DCIS 3 1 - 4(10.3)

Table 2. Number of patients in subgroups according to TNM clas-
sification

TNM classification Patients, n (%)
Tla 2(5.1)

T1b 15 (38.5)

Tlc 12 (30.8)

T2 9(23.1)

Tis 1(2.6)

NO 28 (71.8)

N1 11(28.2)

MO 39 (100.0)

cinoma NST in 32 out of 39 patients (82.1%). Further de-
tails about histological tumour characteristics are listed in
Table 1. The most common tumour size according to
TNM classification was T1b in 15 patients (38.5%) and
T1cin 12 patients (30.8%). Lymph node involvement was
present in 11 patients (28.2%) and distant metastasis was
not proved in any patient (Table 2).

In 38 cases, breast-conserving surgery was performed
including 3 oncoplastic surgeries. One patient had a bilat-
eral mastectomy. Magseed was used for pathological axil-
lary lymph node localisation in this patient. Seven targeted
axillary dissections by Magseed (7/39, 18.0%) and 32 senti-
nel lymph node biopsies by various tracers (32/39, 82.1%)
were performed. In 6 patients (6/39, 15.4%), axillary dissec-
tion oflevel I and I was further indicated due to the recom-
mendation of a multidisciplinary team. The mean opera-
tion time was 45.5 min, minimum 20 and maximum 105
min, depending on surgery type — longer operation times
were observed in oncoplastic breast surgeries.

No complications were observed during Magseed im-
plantation into tumour or lymph node, so the placement
failure rate was 0/41 seeds (0.0%). One inadvertent pre-
mature deployment of the seed occurred during manipu-
lation with needle delivery system before implantation by
the radiologist, another seed was used for tumour locali-
sation. The depth of Magseed deployment was recorded
in 33/42 seeds; the mean depth was 15.4 mm with mini-
mum 3 mm and maximum 50 mm.
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Table 3. Baseline characteristics and results

Characteristics

Number of implanted seeds 41

Number of patients 39

Number of patients with TAD 7
Placement failure, n (%) 0/41 (0.0)
Seed migration, 7 (%) 1/41 (2.4)
Detection failure, n (%) 0/41 (0.0)
Range of depth of marker deployment, mm 3-50
Negative margins, 1 (%) 29/34 (85.3)
Range of time to operation, days 0-34

Mean time to operation, days 9.5
Malignant tumours, # (%) 39/39 (100.0)
Patients after NAC, n (%) 8/39 (20.5)
Complications rate, n (%) 4/39 (10.3)

The mean time from Magseed placement to surgical
retrieval was 9.5 days, with a range from 0 (same day) to
amaximum of 34 days. Magseed migration affecting peri-
operative tumour localisation was present in one case
(1/41 seeds, 2.4%), but no case of perioperative detection
failure was reported (0/41 seeds, 0.0%). All magnetic
seeds were successfully retrieved (41/41, 100.0%).

Negative margins were achieved in 29 of 34 (85.3%)
breast tumour localisations by Magseed. In 4 patients
(11.8%) a positive resection margin was found in final
histological reportand in 1 patient (2.9%) the tumour was
missed completely due to perioperative Magseed migra-
tion, so re-operation was necessary in 5 patients (14.7%).
The baseline characteristics and results summarizing
Magseed use in our trial are listed in Table 3.

Seven patients underwent pathological axillary lymph
node localisation by hydroMARK clip before NAC as a
standard procedure. With a range of 0-29 days (mean
time 12.7 days) before surgery, the Magseed was intro-
duced into the lymph node according to hydroMARK
placement. Targeted axillary dissection and successful re-
trieval of originally pathological lymph nodes was per-
formed in 6/7 patients (85.7%). In one patient only an
adipose tissue marked by hydroMARK clip and Magseed
was found in a histological sample, possibly due to place-
ment failure or migration of the hydroMARK clip. Axil-
lary dissection was performed in 3 patients (42.9%) in this
subgroup.

Wound complications after surgical treatment were
present in 4 patients (10.3%). Two patients had a wound
infection (Clavien Dindo GradeI), 1 patient had a wound
haematoma (CD I), and 1 patient had a haematoma with
a wound necrosis requiring excision and re-suture under
local anaesthesia (CD IIIa).
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Discussion

According to the literature review, our study is the sec-
ond trial reporting Magseed use for preoperative localisa-
tion of pathological axillary lymph nodes worldwide.
Greenwood et al. [10] performed a retrospective analysis
of 35 patients with 38 Magseeds implanted into axillary
lymph nodes proving its safety and feasibility. Green-
wood et al. [10] reported no complications during Mag-
seed placement and successful retrieval of 37/38 Mag-
seeds (97%) due to one seed lost possibly during local suc-
tion. Our limited results proving retrieval of 7/7 (100%)
Magseeds and successful targeted axillary dissection in
6/7 patients (85.7%), in one patient, previous hydro-
MARK placement failure or migration led to a finding of
no lymph node in histological analysis and axillary dis-
section was further indicated.

In comparison, Hartmann et al. [11] used a clip for
lymph node localisation before NAC. After primary sys-
temic therapy, wire-guided localisation was performed
according to clip placement and a clip identification rate
on specimen radiograph after excision was possible in
17/24 cases (70.8%) [11]. Kim et al. [12] presented an
identification rate and successful retrieval of 23/24 clips
(95.8%) inserted into pathological lymph node before
NAC. Several studies investigated lymph node localisa-
tion with a radioactive iodine-125 seed with promising
results of 97-100% successful lymph node retrieval [13].
Khallaf et al. [14] used carbon for lymph node localisation
in 20 patients after NAC with 95% identification rate. Ac-
cording to the results mentioned above, the Magseed
lymph node localisation seems to be comparable to other
localisation methods, even if up-to-date evidence is scarce
and further studies are needed. Additionally, primary lo-
calisation of the lymph node by the magnetic seed with-
out previous clip localisation should affect the marker mi-
gration rate, also it reduces the overall number of the in-
vasive procedures the patient undergoes through the
treatment process.

Breast tumour localisation by Magseed has been re-
ported by several authors [6, 15-19]. Harvey et al. [6]
demonstrated as a first the feasibility and safety of mag-
netic seeds by a prospectively maintained study with 28
patients and 29 Magseeds implanted into breast tumour
and a negative margin rate of 29/29 (100%). Other au-
thors reported a negative margin rate in a range from 78.1
to 100% with a quantity of patients from 10 to 137 [15-
19]. Our results with negative margins in 29/34 patients
(85.3%) confirmed previous data. In comparison with
other localisation methods, the negative margin rate in
wire-guided localisation is 70-88% [20], in radioactive io-
dine seed localisation 73.5-96.7% [3], in SAVI-SCOUT
85.1-92.6% [3], in carbon marking 81% [4], and in clip
markers 90-92% [21]. Magseed seems to be comparable
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to the breast cancer localisation methods mentioned
above in terms of oncosurgical safety [7].

To our knowledge, only one prospective comparative
study between Magseed and other breast localisation
methods has been published. Zacharioudakis et al. [22]
arranged a study comparing WGL and Magseed with 100
patients by each method and reported the effectiveness of
Magseed localisation to be the same as WGL in terms of
lesion identification and negative margin rate.

The main advantages of magnetic marker localisation
are no need for radiation safety policy, no operating the-
atre delays due to the possibility of arranging localisation
to any day before the operation, no marker migration,
and intuitive detection [7]. Several authors reported no
seed migration affecting perioperative tumour localisa-
tion [6, 16, 17, 19]. To our knowledge no study has pub-
lished data about Magseed migration yet, but we report a
Magseed migration in one seed (1/41, 2.4%) probably
during breast tumour excision, so we conclude a Magseed
migration could occur. Also, we observed one case of
Magseed displacement from the breast specimen during
excision of the targeted lesion before specimen radiogra-
phy. This parameter was not observed in our study, so we
cannot evaluate the rate, but in comparison with iodine
seeds, McGhan et al. [23] published a displacement in
2.6%.

Breast surgeons from all surgical oncology depart-
ments included in our study were well experienced in
breast cancer surgery and became familiar with the Mag-
seed system in a short time. The magnetic marker detec-
tion was easy to learn for surgeons, probably because
there is an analogy with sentinel lymph node biopsy by
gamma probe, which is routinely used in breast cancer
surgery.

The maximum time from Magseed deployment to re-
trieval in our study was 34 days with no observed compli-
cation or marker migration. Price et al. [15] published a
maximum time of Magseed deployment in breast tumour
of 40 days, which is to our knowledge the longest report-
ed time. According to these findings and FDA approval,
we suggest Magseed seems to be usable for long-time de-
ployment especially in patients before NAC for breast tu-
mour and pathological lymph node localisation.

However, the main Magseed drawbacks should be
mentioned. The depth of marker implantation is limited
to up to 30 mm according to the manufacturer’s recom-
mendation [6]. Deeper implantation could result in prob-
lematic detection [6], but 2 patients included in our study
had a depth of marker implantation over 30 mm (33 and
50 mm) with no complications during detection. A probe
palpation, meaning pressing with the probe on the breast
to achieve a shorter distance between the probe and the
marker, should be beneficial in more deeply implanted
Magseeds.

Magseed Localisation in Breast Cancer
Surgery

One of the biggest disadvantages of magnetic marker
localisation system use is a frequent need for probe reca-
libration [7]. The Sentimag probe interferes with para-
magnetic surgical instruments and with electrocautery,
so the recalibration process could prolong operation time
(5, 20, 24].

Another drawback is the high cost of the Sentimag
probe and each magnetic seed in comparison to other lo-
calisation methods, for example, WGL or carbon mark-
ing [7]. Several authors suggested a cost-effectiveness
analysis to review all factors participating in the final
price of the surgery [6, 22], but none have been published
to date.

Compatibility with magnetic resonance (MRI) is an-
other important factor, especially in patients after NAC,
where MRI is used for restaging. Magseed is compatible
with MRI but has a bloom effect up to 6 cm affecting the
final scan [4]. In comparison, radioactive seed localisa-
tion is compatible with MRI with a minimum artefact
[25] and SAVI-SCOUT can be used under MRI without
any artefact [3]. Unfortunately, none of these three new
localisation techniques can be implanted under MRI, be-
cause its needle delivery system is not compatible [26],
but radioactive seed localisation has already a published
protocol for MRI localisation using a titanium delivery
needle [25].

The limitation of our study is in its retrospective ar-
rangement; further trials are needed because of the pau-
city of evidence about Magseed localisation in breast can-
cer surgery. A prospective comparative study between
Magseed and different localisation methods should be
beneficial.

Conclusion

The Magseed is a reliable marker for breast tumours
and pathological axillary node localisation in breast can-
cer patients. The Magseed is comparable to conventional
localisation methods in terms of oncosurgical radicality
and safety, but further trials are needed.
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