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Abstract

Background
Localization of non-palpable melanoma, Merkel cell carcinoma (MCC) and soft tissue 
sarcoma (STS) lesions can be difficult due to size, location, and obesity of patients or 
fibrosis due to previous treatments. Magnetic seed localization (MSL) is a common 
method to localize non-palpable breast lesions, but the feasibility of MSL for non-
palpable melanoma, MCC and STS lesions has not yet been described.

Methods
In this retrospective single center cohort study, all consecutive patients between 
January 2021 and October 2023 who had a resection of a non-palpable melanoma, 
MCC or STS lesion guided by Sirius Pintuition, a MSL technique, were included. 
The primary endpoint was successful lesion localization during surgery and the 
secondary endpoints were seed migration, negative resection margins, and 
complications.

Results
Seventy-nine seeds were placed for 76 lesions, which were resected during 68 
surgeries in 61 patients. All lesions (100%) were localized and resected. Median time 
of surgery was 44 minutes. No seed migration was observed. A negative resection 
margin was achieved for 60 (78.9%) lesions. Clavien Dindo grade ≥ 2 complications 
occurred in 7.4%.

Conclusion
Magnetic seed localization with Sirius Pintuition is feasible for both non-palpable 
melanoma, MCC, and STS lesions.

Introduction

Melanoma is a type of skin cancer which frequently metastasizes loco-regionally, 
either cutaneous or subcutaneous, as in-transit metastases, or to the draining 
lymph nodes (1). Soft tissue sarcoma (STS) is rare type of cancer that originates 
from mesenchymal tissue anywhere in the body and can recur locally or metastasize 
to several anatomical locations (2). Merkel cell carcinoma (MCC) is a very rare skin 
cancer which behaves similarly to melanoma (3). For these three entities, a surgical 
resection of recurrences/metastases can sometimes be challenging if the lesion is 
non-palpable due to small size, a difficult anatomic location, reduced palpability due 
to prior treatment, or in obese patients. To improve the localization of non-palpable 
lesions, various techniques have been developed.

The majority of localization techniques are developed and used for non-palpable 
breast cancer lesions. Wire-guided localization (WGL) is the first commonly used 
localization technique first described in 1965 (4). Since 1999, radioactive seed 
localization (RSL) using iodine-125 (125I) seeds is used as an alternative, especially 
in the Netherlands (5). Both WGL and RSL are still widely used because there is 
no proven inferiority of either of these methods (4). Radio-guided occult lesion 
localization (ROLL) is another alternative, where technetium-99m (Tc-99m) labelled 
albumin particles are injected into the lesions (6). Two less frequently used 
techniques are ultrasound-guided radar reflector localization and radiofrequency 
identification tags (4).

In 2012, a non-radioactive wireless alternative called magnetic seed localization 
(MSL) was introduced in Europe (7). With MSL, a magnetic seed is deployed in the 
lesion guided by ultrasound, X-ray or computed tomography (CT) and a probe is 
used to locate the seed during surgery (4). Currently there are two magnetic seeds 
available in Europe, the Magseed (paramagnetic seed) and Sirius Pintuition for 
surgical marker navigation (SMN) (8, 9). For breast (cancer) lesions, the feasibility 
of MSL has been proven in multiple studies demonstrating 100% successful seed 
localization and lesion detection (4, 10). No studies reported MSL for resections of 
STS and only two studies reported MSL for lymph node localization in melanoma 
patients (11, 12).

Although there is a lack of evidence for the applicability of MSL for non-palpable 
melanoma, MCC, and STS lesions, we have used this localization method for these 
entities in our tertiary referral center. This study aims to evaluate the feasibility 
of MSL with Sirius Pintuition for non-palpable melanoma, MCC and STS lesions, 
with the primary endpoint being successful lesion localization during surgery and 
the secondary endpoints being seed migration, negative resection margins, and 
complication rate.
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Methods

Patient population
For this study, all consecutive patients who underwent a MSL assisted resection 
with Sirius Pintuition for a suspected or proven melanoma, MCC or STS between 
January 2021 and October 2023 were included. There were no exclusion criteria. 
Melanoma, MCC or STS was considered proven after pathological confirmation by 
cytology or histology; and suspected based on imaging characteristics. Throughout 
this paper, no distinction is made between proven and suspected cases. All patients 
were discussed in multidisciplinary tumor boards to determine whether resection 
was the preferred treatment and whether MSL was necessary. The decision to use 
MSL was made based on a lesion being non-palpable during physical examination 
and the location of the lesion.

Magnetic seed localization
The magnetic seeds used in our center are from Sirius Medical Systems® (Sirius 
Pintuition Marker, 5x1.6 mm) and the technique is called Surgical Marker Navigation 
(Figure 1). 18F-fluorodeoxyglucose (FDG) positron emission tomography/computed 
tomography (PET/CT) was used to localize suspected melanoma or MCC lesions 
(Figure 2), while imaging for STS localization varied between PET/CT, CT and 
magnetic resonance imaging (MRI). Seeds were positioned through 12 cm length 
14G pre-loaded Pintuition needle (Figure 2) under ultrasound (US) or CT guidance, 
either centrally in a lesion or on either side of a lesion to mark an area. During 
surgery, seeds were localized using the Pintuition system, a probe-based detection 
system that provides audio and visual feedback of distance and direction towards 
the implanted seed (Figure 3). After resection of the marked lesion, the specimen 
was checked with the Pintuition probe for confirmation of extraction of the magnetic 
seed, before sending the tissue to pathology.

Figure 1. The Sirius Pintuition Marker (5x1.6 mm) by Sirius Medical Systems®

Figure 2. Upper row: 18 F-fluorodeoxyglucose (FDG)-avid lesions on a positron emission 
tomography/computed tomography (PET/CT). Lower row: Sirius Pintuition markers located 
in the lesion displayed on ultrasound. A: sub cutaneous melanoma. B: epitheloid sarcoma. 
C: Lymph node metastasis melanoma
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Figure 3. Localizing the magnetic seed before incision (A), during surgery (B) and after re-
section (C).

Study design
In this single cohort study, patient and lesion characteristics and surgery outcomes 
were collected retrospectively from electronic patients’ files with approval from the 
Local Ethics Committee (IRB d23-324). Patient and lesion characteristics included 
age, gender, BMI, tumor type, stage of the disease, lesion size, location of lesion, 
and the administration of preoperative treatment. The primary endpoint, successful 
lesion localization, was defined as being able to localize the lesion guided by MSL. 
Secondary outcomes were seed migration, negative resection margins (13) and 
complication rate (Clavien dindo grade ≥2)(14). Seed migration was defined as 
clinical relevant displacement over time between implantation and surgery. Data 
on dislocation of the seed during surgery was collected as well.

Data analysis
The analysis was conducted using IBM SPSS 27.0 for Windows. Median values with 
interquartile ranges (IQR) were utilized as descriptive statistics because the data 
was non-normally distributed.

Results

Sixty-one patients operated between January 2021 and October 2023 were 
identified and included in this study. In this population, 79 seeds were deployed 
for 76 lesions that were resected in 68 surgeries (figure 4). Patient characteristics 
are displayed in Table 1. Melanoma lesions were diagnosed in 45 (73.8%), MCC 
lesions in two (3.8%), and STS in 11 (19.7%) patients. The other three patients were 
initially suspected to have a melanoma metastasis, but after resection and following 

pathologic examination it turned out to be rare types of STS (tenosynovial giant 
cell tumors in two patients and epithelioid hemangioendothelioma in one patient). 
These three incidental findings and the two patients with MCC lesions were treated 
similar to the melanoma patients, and will there for be discussed as melanoma 
lesions in this study.

Table 1. Patient characteristics

n= 61
Age 60 (49-75)
Gender
	 Male
	 Female

27
34

(44.3)
(55.7)

BMI 28 (24-31)
Tumor type
	 Melanoma
	 Merkel cell carcinoma

45
2

(73.8)
(3.8)

	 Soft tissue sarcomaa

	 Otherb
11
3

(19.7)
(3.8)

Values are n (%) or median with inter quartile range. aSoft tissue sarcoma subtypes: 
Leiomyosarcoma (n= 1), Myxofibrosarcoma (n=1), Sarcoma not otherwise specified (n=4), 
Myxoid liposarcoma (n=2), Chondrosarcoma (n=1), Epitheloid sarcoma (n=2), b Tenosynovial 
Giant Cell Tumor (n= 2), Epithelioid hemangioendothelioma (n= 1).

All melanomas were diagnosed as metastatic non primary lesions while the STS 
were diagnosed as primary disease (14.3%), recurrent or residual disease (50.0%), or 
metastases (35.7%). The median size of the melanoma lesions was smaller than that 
of the STSs (11 mm vs. 30 mm). Of the melanoma lesions, 13 (21.0%) were pre-treated 
with systemic immune checkpoint inhibitors and three (4.8%) with intralesional 
injections of an oncolytic virus, talimogene laherparepvec (T-VEC). The STS lesions 
were pre-treated with radiotherapy in four (28.6%) patients, three patients (21.4%) 
were pre-treated
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Table 2. Lesion characteristics, seed placement details, and perioperative outcomes

Melanoma* Soft tissue sarcoma

n n

Lesions
Diameter (mm)
Type of lesion
	 Lymph node
	 Subcutaneous
	 Intramuscular
	 Retroperitoneal
Stage of disease
	 Primary disease
	 Local recurrence/residual disease
	 Metastases
Location
	 Upper extremity
	 Lower extremity
	 Trunk
	 Abdomen
Preoperative treatment
	 Yes
	 No
R0 resection
	 Yes
	 No

62
11

21
39
2
0

0
0
62

8
37
16
0

16
46

49
13

(7-18)

(33.9)
(62.9)
(3.2)
(0.0)

(0.0)
(0.0)
(100.0)

(13.1)
(60.7)
(26.2)
(0.0)

(25.8)
(74.2)

(79.0)
(21.0)

14
30

0
6
7
1

2
7
5

4
5
4
1

8
6

11
3

(18-50)

(0.0)
(42.9)
(50.0)
(7.1)

(14.3)
(50.0)
(35.7)

(28.6)
(35.7)
(28.6)
(7.1)

(57.1)
(42.9)

(78.6)
(21.4)

Seeds
Seed located …
	 In tumor
	 On border of tumor
	 Next to tumor
Seed migration
	 No
Seed dislocation
	 Yes
	 No

64

46
10
8

64

4
62

(71.9)
(16.7)
(12.5)

(100)

(6.1)
(93.9)

15

10
4
1

15

1
12

(66.7)
(26.7)
(6.7)

(100)

(7.7)
(92.3)

Operations
Interval seed/surgery in days
Duration of surgery in minutes
Localization succeeded
	 Yes
	 No
Complication Clavien-Dindo II
	 Yes
	 No

56
9
40

56
0

4
52

(3-24)
(27-62)

(100.0)
(0.0)

(7.1)
(92.9)

12
14
56

12
0

1
11

(6-21)
(26-90)

(100.0)
(0.0)

(9.1)
(90.9)

Values are n (%) or median with inter quartile range. *Merkel cell carcinoma, epithelioid 
hemangioendothelioma and tenosynovial giant cell tumor included

with isolated limb perfusion and one lesion was treated with both radiotherapy 
and systemic chemotherapy. In 8 of the 13 melanoma lesions pre-treated with 
checkpoint inhibitors, the seed was deployed before the start of treatment. This 
was not the case in all other pre-treated lesions. Other lesion characteristics are 
displayed in Table 2. Ultrasound guidance was used to deploy the seed in 78 (98.7%) 
lesions. Only one lesion, a metastasis of a leiomyosarcoma in retroperitoneal fat, 
required computed tomography (CT) guidance for seed placement. The majority 
of seeds were located centrally within the tumor, 46 (71.9%) seeds for melanomas 
and 10 (66.7%) for STSs (Table 2). Localization of the seed on the border or outside 
the tumor was caused either by minimal movement of the seed after placement, 
the small tumor size, or if the tumor was in a difficult location. For three lesions, 
two seeds were located simultaneously: twice to indicate the lesions between two 
seeds (distance between seeds of 1.2 cm and 6.0 cm), and once because the first 
seed was placed 2 mm next to a lesion instead of centrally in the tumor.

During surgery, surgeons were able to successfully locate all (100%) lesions using 
MSL. Migration of the seed between placement and resection did not occur. 
Negative resection margins were achieved in 49 (79.0%) suspected melanomas 
and MCCs and 11 (78.6%) STSs. Surgery for suspected melanoma or MCC resulted 
in four complications (7.1%) and in one complication (9.1%) after resection of a STS. 
The complications were all wound infections after surgery and were treated with 
antibiotics and therefore scored as Clavien-Dindo grade 2. Dislocation of the seed 
during surgery (after localization of the lesion) occurred in 5 (6.2%) cases. These 
dislocations did not specifically happen shortly after implementation of MSL, but 
spread over the inclusion period. In 4 of those cases, the seed was deployed centrally 
in the lesion and in one case, just outside the lesion. Time between deployment and 
resection varied between two and 62 days for these 5 cases. A negative resection 
margin was achieved in only one of these 5 cases. All perioperative outcomes are 
displayed in Table 2.

Discussion

The aim of this study was to evaluate the feasibility of MSL for non-palpable 
melanoma, MCC and STS lesions. All lesions (100%) in this cohort were localized 
with MSL, resulting in 60 (78.9%) lesions resected with a negative resection margin. 
None of the seeds migrated before surgery, but 5 (6.2%) were dislocated during 
resection. The number of complications after these procedures was low and only 
consisted of wound infections after surgery treated with antibiotics.

Originally, MSL was mainly used for non-palpable breast lesions. In a study by 
Schermers et al., MSL was first described and used in breast lesions of 15 patients, 
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resulting in 100% localization and resection of the lesions (5). In a study comparing 
MSL with WGL, 35 (100%) breast lesions were located and resected assisted by 
MSL which resulted in 79% negative resection margins (10). Studies with larger 
series of 300 and 1559 patients, using an alternative magnetic seed (Magseed; 
Endomagnetics Inc.), localized the breast lesions in 100% and 99.89%, respectively. 
Our data demonstrates that comparable outcomes can be achieved with the use of 
MSL for melanoma and, MCC and STS as for breast lesions (15, 16).

Since STS can occur at any anatomical location, localization is possibly difficult. 
Therefore, multiple localization methods have been described. Three studies with 
8 to 15 included patients demonstrate that 125I-radioactive seeds have comparable 
results as magnetic seeds (17-19). Lesions were localized in 100% of the patients 
and free resection margins were achieved in 80-90%. However, a downside of 
125I-radioactive seeds is that they cannot be left in the patient due to its radioactive 
properties in case of a cancelled resection. Also, strict protocols are necessary for 
the return of removed 125I-radioactive seeds with repercussions in the event of 
seed loss. Another alternative method is radar reflector-guided resection, which 
also resulted in 100% lesion localization and 77% negative resection margins (20). 
Two small series of 6 and 7 patients describe radio-guided occult lesion localization 
(ROLL) for STS including our own recent paper, but no specific outcome measures 
are mentioned (21, 22). Besides, a similar downside of ROLL is the strict protocol 
regarding safety because of its radioactive particles. A downside of MSL is that the 
seed could cause MRI artefacts, restricting its applicability in a neoadjuvant settings 
when an MRI scan is necessary for restaging the tumor and no other alternative 
imaging technologies are suitable.

For melanoma lesions, less localization techniques are described because lesions 
are often cutaneous or subcutaneous and in most cases easily visible or palpable. 
On the other hand, improved scanning techniques, for example with PET-CT, lead 
more and more often to the detection of subclinical and non-palpable lesions. Some 
studies did focus on localization methods for lymph node metastases since it is 
sometimes harder to localize those. Both localization with 125I-radioactive seeds 
as ROLL have been described in small cohorts of 10 to 15 patients (21, 23, 24) and 
again, localization and resection was successful in 100% of the lesions. The resection 
margins or migration rates were not mentioned in these studies.

Overall, in terms of localizing melanoma, MCC or STS lesions and achieving negative 
resection margins, MSL does not appear to be inferior nor superior to ROLL, 
125I-radioactive seeds, or the radar reflector technology. However, a major advantage 
of MSL is the absence of a timeslot for resecting the seed after placement. This 
makes MSL also very useful in case of neoadjuvant treatment. MSL is already used 
in this way for breast cancer with favorable results (25-27). For stage III melanoma, 

neoadjuvant immunotherapy might be standard of care treatment in the near 
future (28, 29). Based on the PRADO trial and the OPACIN-neo trials (30, 31), one 
might even discuss that further treatment after neoadjuvant treatment for stage 
III melanoma will be decided after examination of an index node. MSL with Sirius 
Pintuition is a feasible method for localizing and resecting the index lymph node 
(11). There are no breakthroughs yet with (neoadjuvant) immunotherapy for STS, 
but other treatment modalities can sometimes lead to significant downsizing as 
well. For example, myxoid liposarcoma often responds well and decreases in size 
after neoadjuvant radiotherapy (32), and localization of the remaining lesion might 
require a MSL as well.

The decision for implementation of a localization technique should be based 
on clinical results and specific features, but also cost effectiveness and patient 
experience have to be taken into account. Powell et all. used patient reported 
outcome measures to demonstrate the patient experience of MSL for breast lesions, 
which appeared to be well tolerated but is not studied yet for other non-palpable 
lesions (33). Lindenberg et all. compared the budget impact of MSL with RSL and 
WGL for non-palpable breast lesions (34). MSL appeared most cost-effective if 1) the 
price per seed would not exceed €178, if 2) the number of patients needing NACT 
with evaluation MRI would not increase because the seed is not compatible with 
MRI, or 3) MSL would result in better clinical results. Based on this analysis, MSL 
could be the most cost-effective localization method for melanoma, MCC and STS 
lesions, since the price is around this maximum, no MRI is necessary for melanoma 
and clinical results are comparable for the current patient population. However, 
prospective data regarding cost effectiveness and patient experience of MSL for 
melanoma, MCC and STS lesions are needed to be able to draw strong conclusions.

This study has limitations that should be acknowledged. First, its retrospective 
design may introduce a selection bias. Second, the sample size for STS lesions is 
relatively low. This study is also not a comparative study with other methods, which 
would require a prospective, multicenter trial to prove the effectiveness of MSL over 
other methods in melanoma, MCC and STS. Currently, the MELODY trial and the 
Ibra-net Breast Lesion Localization Study compare multiple localization methods 
for non-palpable breast lesions (35, 36). The results of these studies could assist in 
choosing the right localization tool for melanoma and sarcoma as well.

Conclusion

Magnetic seed localization with Sirius Pintuition for melanoma, Merkel cell carcinoma 
and soft tissue sarcoma is feasible with a 100% successful localization rate. No seed 
migration, low complication rates, and comparable negative resection margins with 
other localization methods were observed.
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