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Introduction

In recent years, the implementation of mammography 
screening programs as well as new medical imaging 
technologies such as tomosynthesis or artificial intelligence 

and women’s increased awareness of breast cancer, have 
resulted in an increase in the detection rate of non-palpable 
lesions (1-5). These tumors are too small in size or located 
too deep in the breast parenchyma to be detected during 
clinical examination. Consequently, techniques for pre-
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operative identification of non-palpable cancerous lesions 
during breast conservation surgery have been developed. 
The success of breast conservation surgery requires 
effective communication between the radiologist and the 
surgeon, and precise guidance by the radiologist to allow 
the surgeon to perform complete removal of the lesion 
with healthy resection margins, while striving to preserve 
as much as possible the breast’s aesthetic curve. However, 
this also requires operating schedule management and the 
practitioner availability. There are many guide techniques 
available. The standard localization method used is wire-
guided localization (WGL), in which wire hook is placed 
into the tumor with ultrasound or stereotactic guidance 
(6,7). However, this technique has several disadvantages. 
One of the most important being that the guide wire has 
to be placed within a few hours of surgery to minimize 
the risk of dislocation. This requires interdependence of 
radiology and surgery schedules, reducing operating room 
efficiency. Furthermore, wire guides cause discomfort for 
patients and migration or transection can occur (8). The 
WGL may also limit alternatives for placement and the 
distance between the entry site and the tip of wire may be 
greater, thus leading to extensive dissection and affecting 
potential aesthetic outcome. Consequently, alternative 
guide methods were developed such as radioactive seed 
localization (RSL), non-radioactive radar localization, radio 
frequency identification and magnetic seed localization (9). 
In this study, we evaluated the Magseed® magnetic marker 

(Endomagnetics, Cambridge, UK). The Magseed® marker 
is a non-radioactive paramagnetic seed that can be inserted 
under ultrasound or with stereotactic guidance. During 
surgery, the seed is detected using a magnetic detection 
probe (Sentimag®, Sysmex, GmBH, Hamburg, Germany). 
Several reports have demonstrated the feasibility and safety 
of this technique (10-16). The aim of this study is to report 
the experience of 100 consecutive cases where the Magseed® 
marker was used to localize non-palpable breast lesions. 
We present this article in accordance with the STROBE 
reporting checklist (available at https://gs.amegroups.com/
article/view/10.21037/gs-22-552/rc).

Methods

Patient selection

This retrospective study includes 100 patients who were 
managed at the Center of Senology Drs Crèvecoeur (a 
private radiology center) and the CHC MontLegia hospital 
between May 2019 and April 2021. Patients with non-
palpable lesions undergoing breast-conservation surgery 
were deemed suitable for seed insertion following discussion 
among the multidisciplinary team. We also included 
patients with complete or partial response of neoadjuvant 
chemotherapy (NAC). For these patients, an intramammary 
clip was placed before their scheduled NAC. The follow-
ups during their chemotherapy assessing response were 
performed by mammography and ultrasound. At the end 
of treatment, magnetic resonance imaging (MRI) was 
performed to obtain the precise dimension of the residual 
tumor, or the marker clip released before NAC in case 
of complete tumor response, was then marked by the 
Magseed® marker. Exclusion criteria were pregnancy/
lactation or any mental condition with might render the 
patient incapable of giving written consent and patients who 
denied to sign the consent form. The study was approved 
by the CHC MontLegia Ethics Committee (reference 
No. 20/40/1052) and was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). Written 
informed consent was obtained from all participants 
included. 

Description of guide method

We used the  Magseed ® marker  (Endomagnet ics , 
Cambridge, UK), a magnetic seed localization technique. 

Highlight box

Key findings 
• The Magseed® magnetic marker combined with the Sentimag® 

probe is an effective method to localize non-palpable breast lesions.   

What is known and what is new?  
• Several reports have demonstrated the feasibility and safety of 

this technique compared to the wire-guided localization (WGL) 
technique.

• We demonstrated our clinical experience on 100 consecutive 
patients with whom we used the Magseed® for identification 
of subclinical breast lesions and is effective when extended 
microcalcification clusters are present, or in targeting multiple 
tumors within the same breast.

What is the implication, and what should change now? 
• Further studies are needed to validate this technique with all 

practitioners and also to prove its efficacy of other long-term 
applications for patients who require neoadjuvant treatment.
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It consists of a 5 mm × 1 mm cylindrical non-radioactive 
paramagnetic surgical steel marker that can be visualized 
via mammography or ultrasound. It is supplied in sterile 
packaging preloaded into an 18-gauge 7-cm steel needle. 
The marker can be inserted at any time before surgery. 
In the operating room, the Magseed® marker is detected 
using the Sentimag® probe which generates an alternating 
magnetic field, transiently magnetizing the seed and 
subsequently measuring the magnetic field emitted by the 
seed. 

Technique

Seeds were inserted using an aseptic technique by 
ultrasound guidance. All seeds were inserted by the same 
breast radiologist. Xylocaine 2% was used to anesthetize the 
skin and a small incision was made with a blade to facilitate 
insertion of the introducer needle. Two mammograms 
(craniocaudal and mediolateral views) were carried out 
to confirm the position of the seed at the target site and 
successful localization. X-ray dimensions of the tumor, as 
well as the distance between the seed and the tumor were 
documented. This procedure was performed for solid 
tumors. In the cases of lesions with microcalcifications, 
seeds were inserted by ultrasound guidance using the biopsy 
clip as a target. For some cases, no biopsy clip was present, 
so the radiologist used the post-biopsy haematoma to insert 
the Magseed® marker on the ultrasound guidance. If we did 
not have a biopsy clip or ultrasound image (like hematoma) 
to visualise the lesion, we took an X-ray with the introducer 
needle in the breast before dropping the magseed. In case 
of incorrect positioning, we had the possibility to correct 
the trajectory. The stereotactic guidance to target residual 
calcification was not used because the displacement or 
migration of the clip during decompression was frequently 
observed. Finally, if the patient had two non-palpable 
lesions or extensive microcalfication clusters, two Magseed® 
markers were inserted.

Surgical excision

Once in the operating room, the surgeon used the 
Sentimag® system’s probe to locate the Magseed® 
marker with precision. The surgeon was guided by the 
two mammograms, which allowed placement with the 
Sentimag® probe in the correct place on the breast’s skin, 
and with the Sentimag® units that give the numerical 

counter along with its audio tone. This enabled the surgeon 
to gauge the distance between the seed and the probe. As 
soon as the lesion was localized (maximum magnetic signal), 
the surgeon made an incision and inserted the probe to 
confirm the seed’s position. Once excised, the surgeon then 
used the probe to confirm that the seed was included in the 
specimen. For this study, surgical excision was carried out 
by two breast surgeons trained in the technique.

Specimen radiography was carried out for each patient 
with microcalcifications to provide reassurance that all 
the lesions and seeds had been excised. The examination 
of the specimen radiography was performed by the breast 
radiologist who inserted the Magseed® marker.

Pathological examination

The pathologist  analyzed the specimen, both the 
dimensions of  the specimen and the tumor were 
documented. Macroscopic extemporaneous examination 
was performed for all solid tumors for detection of the seed 
and margins evaluation. Then the tissue was formalin-fixed, 
paraffin-embedded and entirely sectioned at 4-µm intervals 
for the definitive histopathological examination.

Postoperative histology was discussed at a multidisciplinary 
breast meeting and re-excision or mastectomy was proposed 
to patients if positive margins has been observed.

Analysis

Data were extracted from the electronic medical record 
after written consent of patient. Data included patient 
age, radiological features, placement/localization of seed, 
identification/retrieval of seed, surgical features and 
pathologic results. Percentages for categorical variables, 
mean and median were calculated as appropriate. 

Results

Patient characteristics and Magseed® marker insertion

In the study, one hundred patients were included; their 
baseline characteristics are shown in Table 1. A total of 
111 Magseed® markers were placed into the breasts of 100 
patients using ultrasound guidance. No infection, hematoma 
or migration problems were observed. All Magseed® 
markers were retrieved, as confirmed by specimen 
radiography or by the pathologist during extemporaneous 
analysis. The average age of women was 63 years. Magseed® 
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markers were placed a median of 4 days before surgery. 
Majority of the Magseed® markers (88.3%) were inserted 
successfully into the target lesion. 

Figure 1 shows an example of a Magseed® marker 
placed very precisely next to the biopsy clip. This clip 
was placed during macrobiopsy via stereotactic biopsy 
of the microcalcification clusters. Radiography of the 
surgical specimen (Figure 1C) confirmed the resection 
of the microcalcifications, the Magseed® marker and the  
biopsy clip.

Histological examination of the surgical specimen 
demonstrated the presence of microcalcification and 
neoplastic cells corresponding to ductal carcinoma in situ 
(Figure 2). Actin combined with P63 showed the persistence 

Table 1 Patient characteristics and basic information regarding 
Magseed® insertion

Patients characteristics Number

No. of women 100

Age (years), mean [range], median 63 [32–78], 66

No. of seeds 111

Number of days between Magseed® marker 
placement and surgery, mean [range], median

5.3 [0–42], 4

Placement success, n (%)

≤1 mm 98 (88.3)

2–5 mm 7 (6.3)

6–10 mm 6 (5.4)

Figure 1 Representative images of a Magseed® marker localizing a microcalcifications clusters. (A) Craniocaudal mammogram image 
confirms placement of the Magseed® marker adjacent to the biopsy clip. (B) Detailed view of the Magseed® marker placed next the 
microcalcification clusters and the biopsy clip. (C) X-ray of the surgical specimen. The Magseed® marker and biopsy clip are indicated by 
the white arrow. 

A B

C
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of myoepithelial layer cells around all glandular structures 
and the absence of invasive tumor processes.

Although the majority of cases involved identification of 
the lesion with one Magseed® marker some cases required 
the use of two markers. For 89 women, one Magseed® 
marker was inserted into their lesion which corresponded 
to either a mass or microcalcifications. When two lesions 
were diagnosed in the same breast, they were located 
with two Magseed® markers. In cases with extended 
microcalcification clusters, two seeds were deployed to 
bracket the lesion (Figure 3). Histological analysis of the 
tumorectomy specimen shown in Figure 3 demonstrate the 
presence of invasive process (Figure 4). 

The Magseed® technique also allows the identification 
of non-palpable lesions such as a radial scar (Figure 5). The 
case illustrated in Figure 5 corresponds to a patient with 
breast implants. The radiologist successfully placed the seed 
despite the presence of breast implants. 

200 μM

Figure 2 Histology study of the case illustrate in Figure 1. Tissue 
section stained with hematoxylin and eosin showing C, N and 
DCIS (original magnification ×50). C, microcalcifications zone; N, 
necrosis zone; DCIS, ductal carcinoma in situ.

Figure 3 Localization of extended microcalcification clusters by two Magseed® markers. (A) Lateromedial view of a right breast depicting 
microcalcification clusters. (B) Detailed view of two Magseed® markers surrounding microcalcifications. (C) Radiography of the surgical 
specimen confirming successful resection.

A B

C

Lateromedial view
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Surgical excision

All Magseed® markers were located with a Sentimag® probe 
by the surgeon. Intraoperative identification and excision of 
the localized lesion was successful in 100% of patients. In 
patients where Magseed® markers was used for bracketing 
microcalcifications, the median size of the lesion was  
27.5 mm and the mean size was 36.3 mm. Regarding 
patients with two solid tumors, the median size between 
Magseed® markers was 25 mm and the mean size  
24.6 mm. For two patients, two Magseed® markers were 
placed at a distance of less than 10 mm and this small 
distance complicated their detection. The diagnosis for 
these patients was made by a radiologist from outside our 

team and described a bi-focal lesion. As a precaution, the 
surgeon preferred to use two Magseed® markers. In one 
case, we also performed a skin surface marking. 

Pathological examination

During examination of the specimens by the pathologist, 
identification of the Magseed® marker was not always 
straightforward. Whenever necessary, an X-ray of the 
surgical specimen was performed. From the time of their 
placement to the time of surgery, no migration of the 
Magseed® marker in the breast was observed. Majority of 
resected tumors were solid tumors. From a histological 
point of view, 57.6% of the patients had invasive ductal 
carcinoma, 16.2% ductal carcinoma in situ, and 9.0% 
invasive lobular carcinoma (Table 2). The radiological 
dimensions for the masses were on average of 7.0 mm 
and for microcalcifications 24.6 mm. The majority of 
the microcalcification clusters were small. One patient 
presented with an extensive microcalcification clusters 
corresponding of 100 mm. A good correlation between 
radiological-pathological dimensions were observed for 
solid tumors. Regarding dimensions of microcalcifications, 
sizes of lesions described by the pathologist and the 
radiologist were different. Radiological dimensions were 
performed before the diagnostic biopsy leading to reduction 
in lesion extent.

Complete excisions of the different lesions were 

200 μM

Figure 4 Histology study of the case illustrate in Figure 3. Tissue 
section stained with hematoxylin and eosin showing DCIS, IDC, 
N (original magnification ×50). DCIS, ductal carcinoma in situ; 
IDC, invasive ductal carcinoma, N, necrosis.

A B

Figure 5 Representative craniocaudal view shows the Magseed® marker inserted in a non-palpable lesion corresponding to a radial scar (A). 
Insertion of the Magseed® marker under ultrasound guidance (B). Radial scar is indicated by the white arrow.
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performed with disease-free margins of at least 1 mm in 
95% of patients. Five patients underwent further surgery 
for positive margins and pathological finding are described 
in Table 3. Of these, two patients had a further re-excision 
margins and three had radical mastectomy. For these five 
patients, each Magseed® marker was placed in the center 
of the tumor lesion (≤1 mm). None of the cases were 
attributed to the localization technique.

Discussion

The present study illustrates the use of the Magseed® 
marker, a promising technique allowing localization of non-
palpable breast lesion. Previous reports have demonstrated 
safety, feasibility and clinical use of magnetic seeds (10-18). 
We report our experience using the Magseed® magnetic 
marker and the Sentimag® probe in a Belgian breast unit. 
Our team had been using the standard WGL technique 
for intraoperative tumor localization for 30 years. Several 
disadvantages and limitations linked to the use of WGL, 
including the risk of migration or the need to place the wire 
on the same day as surgery, have led to the development 
of new guide techniques. This study demonstrates that the 
Magseed® marker offers a convincing clinical alternative to 
the wire hook. Moreover, this technique allows us greater 
flexibility in our scheduling, while allocating personnel 
more effectively and optimizing theater utilization, reducing 
costs and delays.

Table 2 Surgical excision data and pathological characteristics

Target lesion characteristics Number (%)
Radiological dimensions (mm) Pathological dimensions (mm)

Mean Median Range Mean Median Range

Type of lesion

Solid tumor 89 (80.2) 7.0 7.5 0–40 9.5 9.0 0–50

Microcalcifications 22 (19.8) 24.6 20.0 3–100 19.4 15.0 3–100

Specimen volume (cm3)

Solid tumor – – – – 27.6 21.0 4.7–141.3

Microcalcifications – – – – 59.6 26.0 5.5–403.0

Surgical pathology findings

Invasive ductal carcinoma 64 (57.6) – – – – – –

Ductal carcinoma in situ 18 (16.2) – – – – – –

Invasive lobular carcinoma 10 (9.0) – – – – – –

Response after neoadjuvant 
chemotherapy

5 (4.5) – – – – – –

Other invasive tumor 5 (4.5) – – – – – –

Radial scar 2 (1.8) – – – – – –

Fibroadenoma 2 (1.8) – – – – – –

Benign 3 (2.7) – – – – – –

Lobular carcinoma in situ 1 (0.9) – – – – – –

No atypical epithelial 
hyperplasia

1 (0.9) – – – – – –

Table 3 Pathological findings for patients with positive margins

Pathological findings for patients with 
positive margins

Number [%]

DCIS 2 [40]

IDC and DCIS 2 [40]

ILC and LCI 1 [20]

DCIS, ductal carcinoma in situ; IDC, invasive ductal carcinoma; 
ILC, invasive lobular carcinoma; LCI, lobular carcinoma in situ.



Gland Surgery, Vol 12, No 5 May 2023 573

© Gland Surgery. All rights reserved.   Gland Surg 2023;12(5):566-576 | https://dx.doi.org/10.21037/gs-22-552

Our study describes our experience with the Magseed® 
marker in a cohort of 100 patients. Implementation of 
the Magseed® System was straightforward, with a short 
period of adaptation for the surgeon and the radiologist. 
Consequently, in a short period, this method has effectively 
replaced guide wire use. One of the main advantages of 
the Magseed® marker is that the seed can be placed several 
days before surgery allowing dissociation of the radiology 
and surgery schedules. In addition, the Magseed® marker 
has now been licensed for use over 30 days before the 
surgery. Timing is undefined provided there is the intention 
to excise. There were no apparent problems associated 
with the length time of the Magseed® marker was inserted 
prior to surgery. In a few cases, the Magseed® marker was 
placed on the day of surgery. The longest time between 
placement and removal was 42 days. All the lesions were 
successfully removed along with the Magseed® marker 
suggesting no migration of the markers. No other problems 
were reported. The Magseed® marker is principally used 
for non-palpable breast lesions but since there is no defined 
time limit for the removal of the seed, it could be inserted 
before NAC. In this case, it is of real benefit for the patient 
who would only need one type of guide system to localize 
their tumor instead of two. The follow-up of the patient 
during their chemotherapy to assess response could be 
carried out solely by mammography and ultrasound. MRI 
use is not recommended to perform because the Magseed® 
marker can create a bloom artefact which measures up to 
4 cm (19,20). Further studies must be carried out in order 
to validate the Magseed® marker for tumor localization in 
patients undergoing NAC.

Our findings demonstrate a relatively low re-excision rate 
of 5%. This rate is significantly lower than that reported 
by other studies comparing WGL to the Magseed®  
marker (19). Zacharioudakis et al. observed no significant 
difference between the Magseed® cohort (16%) and the 
WGL cohort (14%) (13). This low re-excision rate observed 
in our study can be explained in several ways. Firstly, 
the same radiologist placed all 111 Magseed® markers. 
Secondly, both surgeons involved in this study were 
specialized in oncological breast surgery. In addition, for 
87% of the patients included in our study, the radiologist 
carried out the diagnosis, the placement of the Magseed® 
marker and the radiography of the surgical specimen when 
necessary. Good preoperative communication between 
the radiologist and the surgeon is essential. For each 
patient, the radiologist explained to the surgeon how the 
Magseed® was inserted (distance between tumor and seed, 

insertion point, etc.) using mammogram images. Among 
the patients with positive resection margins, MRIs were 
carried out for three patients. MRIs did not highlight 
tumor extension and radiological dimensions were similar 
to those on mammography and ultrasound. In one patient, 
the diameter of the tumor was 8 mm, therefore not meeting 
MRI criteria, and the pathological analysis of the specimen 
showed a non-calcified ductal carcinoma in situ. With 
regard to the last patient with positive resection margins, 
diagnosis was not made by the radiologist who inserted the 
Magseed® marker. This confirms the influence on patient 
care if several radiologists are involved. Another difference 
between the WGL and the Magseed® marker lies in the 
initial incision. Indeed, surgical approach and incision 
placement is independent of localization access. This allows 
a more aesthetic result on the breast’s curve.

We also demonstrated the feasibility of targeting 
multiple lesions in the same breast. Five patients had two 
Magseed® markers placed in the same breast to localize two 
tumors. Two markers were deployed to bracket extended 
microcalcifications clusters for six patients. There was no 
difficulty in discriminating between the different sites. For 
patients with microcalcifications, the distance between 
Magseed® markers was superior to 20 mm. However, two 
patients had two lesions less than 1 cm apart. For safety 
reasons, two Magseed® markers were placed. Despite the 
complexity in differentiating between the markers, the 
surgeon proceeded with successful removal of both. Some 
reports have demonstrated that the Magseed® marker 
was not detectable if the tumor lesion was deeper than  
6 cm (10-22). In our study, one Magseed® was placed at a 
depth of 3.6 cm. The diameter of the tumor was 11 mm  
(Figure S1). Although the surgeon experienced some 
difficulty in localizing the Magseed®, he successfully 
removed the Magseed® and the tumor with negative 
margins. 

One disadvantage of this method is that, if deployed in 
the wrong place, the incorrectly placed seed would need 
to be surgically excised in addition to the correctly sited 
device. 

For each patient, identification of the Magseed® markers 
in specimens was performed by the pathologist and by 
radiography whenever necessary. The pathologist reported 
some difficulties in finding the seed. A change in size or 
color would be desirable to optimize detection.

Other alternatives to WGL and Magseed® have 
become available. These include radio-guided occult 
lesion localization (ROLL) (23), RSL (24), the infrared 

https://cdn.amegroups.cn/static/public/GS-22-552-Supplementary.pdf
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radar technique SCOUT (20) and LOCalizer using 
radiofrequency identification (25). Each system has its 
advantages and disadvantages. For example, the main 
disadvantage of the ROLL and RSL techniques is the 
use of radioactivity. One particularity of the Magseed® 
marker, unlike the localization systems, is that it requires 
the use of plastic or titanium surgical instruments. The 
iron contained in metal instruments disrupts the Sentimag® 
probe. However, it is possible to use metal instruments 
just be sure to take away the instruments when the probe 
is in use so as not to interfere the signal. The large size of 
the SCOUT (12 mm) and the LOCalizer (11 mm) tags 
represents a disadvantage in comparison to the size of 
the Magseed® marker (5 mm) and RSL (4.5 mm) (26). In 
addition, these techniques are significantly more expensive 
than WGL leading to obstacles in broadening their use 
in practices. Davis et al. compare the cost device for wire 
localization and non-wire localization like I-125 radioactive 
seed, Radar reflector, Magnetic seed, radio frequency 
identification tag (26). A comparison of the price of each 
device clearly demonstrates the low cost of WGL. The 
average device cost for WGL is around 18 € which makes it 
an economical choice compared to other techniques except 
the carbon marking which has a similar cost. Regarding the 
ROLL technique a randomized study was performed an 
economic evaluation comparing ROLL with WGL (27). 
It appeared that ROLL is not more cost-effective than 
WGL (28). This study took into account all the medical 
costs associated with the technique as well as the changes in 
quality of life. Regarding the RSL technique, Zhang et al.  
demonstrated that RSL had lower costs than WGL for 
breast-conserving surgery. But the nuclear regulatory issues 
and management can increase the costs (29). Devices prices 
for the Magseed® system and the SCOUT technique are 
quite similar (around 300 €). The LOCalizer is a little more 
expensive. Moreover, it is important to take into account 
the price of the detector which also vary (15,000 €–25,000 €).  
Like all new techniques, these are always more expensive 
at the beginning. But the increase in the number of users 
will have a significant impact on the decrease in the price 
of devices. It would also seem that the price of devices is 
different from one country to another. It is also necessary 
to take into account the reimbursement of these devices by 
the insurance system of the country. Further studies should 
be performed to determine if these techniques would lead 
to more cost-effective care. The implementation of non-
wire localization techniques allowed more efficient use 
of radiology resources. To evaluate these new techniques 

allowing localization of impalpable breast lesions, a 
National UK group collects all data from units in the 
United Kingdom through the iBRA-NET study (30-32). 
This will allow large scale evaluation of clinical outcomes, 
ensuring device safety and efficacy, to define new guidelines 
for pre-operative detection of subclinical breast lesions. 

Conclusions

In conclusion, this study reported our clinical experience on 
100 consecutive patients with whom we used the Magseed® 
magnetic marker to localize non-palpable breast lesions. 
Compared to the wire-guided technique we have been using 
for many years, the Magseed® combined with the Sentimag® 
probe is a safe and effective method for identification of 
subclinical breast lesions and is effective when extended 
microcalcification clusters are present, or in targeting 
multiple tumors within the same breast. One of the major 
advantages of the Magseed® marker is that it can be placed 
in advance allowing disassociation of radiology and surgery 
schedules. Further research is required to validate efficacy 
of other long-term applications for patients who require 
neoadjuvant treatment. 
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A B

Figure S1 Ultrasound picture demonstrates the distance between the skin and the center of the tumor lesion was 36 mm (A). Lateral view 
shows a distance of 8 cm from the nipple (B). This measure was performed on mammograms images which is an error because mammograms 
give false information about the depth as this is performed with compression. L, left.
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