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Abstract

Background and objectives

Breast conserving surgery (BCS) can be challenging for large regions of ductal carcinoma in 

situ (DCIS), resulting in high rates of positive resection margins. Radioactive seed localization 

(RSL) using multiple radioactive iodine (125I) seeds can be used to bracket extensive DCIS 

(eDCIS). The goal of this study was to retrospectively compare the use of a single or multiple 
125I seeds in RSL to enable BCS in patients with eDCIS.

Methods

All patients with eDCIS (area of ≥ 3.0 cm) who underwent either single or multiple- seed 

RSL between January 2008 and December 2016 were included. Patient, tumor and surgery 

characteristics were compared between both groups. Primary outcome measures were 

positive resection margin and re-operation rates.

Results

Respectively 48 and 58 patients with eDCIS underwent single- and multiple-seed RSL and 

subsequent BCS. The rate of positive resection margin (focal and more than focal) with 

single-seed RSL was 47.9%, compared to 29.3% with multiple-seed RSL (p = 0.06). The re-

operation rate was 39.6% with single-seed RSL and 20.7% in the multiple-seed RSL group 

(p = 0.05). 

Conclusion

Multiple-seed RSL enables bracketing of large areas of DCIS, with the potential to decrease 

the high rate of positive resection margins in this patient group.
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Introduction

Ductal carcinoma in situ (DCIS) refers to a potential precursor of breast cancer. Due to the 

introduction and improvement of breast screening programs, the incidence rate of DCIS 

has dramatically increased. Nowadays, DCIS accounts for 20% of the screen detected  

lesions [1]. Breast conserving surgery (BCS) is a challenging task for DCIS, especially since 

most lesions are non-palpable, which results in high rates of positive resection margins. In 

order to improve the surgical outcome, several pre-operative tumor localization techniques 

have been developed. One example is wire-guided localization (WGL) in which a wire 

is inserted into the center of the DCIS area, which is often characterized by malignant 

calcifications on mammography. Disadvantages of this technique are possible migration of 

the wire, patient discomfort and poor cosmetic outcome [2], [3]. Further, the rate of positive 

resection margins with this technique still varies between 13% and 58% [4]. Another tumor 

localization technique is the Radioguided Occult Lesion Localization (ROLL) in which a 

liquid radioactive tracer (99m Tc) is injected into the area of DCIS a few hours before surgery. 

Although ROLL is associated with lower rates of positive resection margins and re-excisions 

compared with WGL [5], [6], it still has major disadvantages. ROLL is logistically challenging 

since the technetium injection needs to be injected on the same day as surgery and the 

liquid technetium tracer causes a diffuse activity in the breast [7].

In 2001 Gray et al. introduced radioactive seed localization (RSL) as an alternative tumor 

localization technique [8].  With RSL, a radioactive iodine (125I) seed is pre-operatively 

implanted in the DCIS area using ultrasonic or stereotactic guidance. The surgeon uses 

a gamma detector probe during surgery to localize the iodine seed and thus the DCIS. 

Several studies have shown the benefit of RSL compared to WGL or ROLL in terms of less 

positive resection margins and re-excisions and a better cosmetic outcome [7], [9]–[11]. 

Furthermore, RSL offers the flexibility to implant the iodine seed several days or even weeks 

prior to surgery due to the half-life time of iodine of approximately 60 days. Secondly, RSL 

has negligible seed migration independent of the time in-situ [12]. 

Localization of the boundaries of the DCIS area instead of only the center could be more 

useful in large areas of DCIS. Tumor bracketing was already applied by implanting multiple 

wires in larger areas of DCIS, facilitating BCS as a first surgical option instead of standard 

mastectomy [4], [13], [14]. Implantation of multiple iodine seeds at the DCIS edges (multiple-

seed RSL) could be an alternative localization technique to bracket large areas of DCIS, with 

the reported advantages of using iodine seeds instead of wires. In our institute, bracketing 

of large areas of DCIS has been introduced since 2008 [15]. The goal of the present study 

was to evaluate and compare patients with extensive DCIS that underwent single or multiple 

iodine seed RSL and subsequent BCS. 
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Materials and methods

Population

A retrospective review was undertaken of all RSL procedures in patients with extensive DCIS 

at the Netherlands Cancer Institute between January 2008 and December 2016. Extensive 

DCIS was defined as confirmed pure DCIS by vacuum assisted biopsy, with a radiological 

size of at least 3 cm on mammography. DCIS size was measured on mammography, since 

not all patients underwent pre-operative contrast-enhanced MRI (CE-MRI) as well. The 

radiological appearance of the DCIS area on both mammography and CE-MRI was reported. 

For mammography, this could be (a combination of) a region of calcifications, a mass or 

asymmetric density. The DCIS appeared either as a region of non-mass enhancement, a 

mass or no enhancement (occult DCIS) on CE-MRI. Patients were divided into two groups: 

patients who underwent RSL by implantation of one radioactive iodine seed (single-seed 

RSL) and patients who underwent RSL using multiple iodine seeds (multiple-seed RSL). The 

decision for single or multiple seed implantation was determined during a multi-disciplinary 

meeting and based on multiple factors. For example, the patient would be a candidate for 

multiple-seed RSL in case the DCIS region appeared larger on CE-MRI in comparison to 

mammography. Only patients with extensive DCIS that underwent single-seed or multiple-

seed RSL and subsequent BCS were included in our study. Patients with the following criteria 

were excluded: 1) a concomitant diagnosis of invasive breast cancer 2) referral from another 

hospital after previous incomplete resection of the DCIS area, 3) diagnostic excision of DCIS 

as primary surgery. Clinical data from all patients were retrieved from the electronic medical 

records including: age, radiological DCIS characteristics, pre- and post-operative DCIS 

pathology, RSL characteristics, resection specimen weight, post-operative resection margin 

status and the rate of re-operations. 

Radioactive seed localization

Protocols and documentation regarding the use of the iodine seeds in the radionuclide 

laboratory, at the radiology department, during surgery and in the pathology department 

in our institute have been reported before [15]. The 125I seeds of 4.5 x 0.8 mm (STM1251, 

Bard Brachytherapy, Inc., Carol Stream, IL, USA) have a typical average energy of 27 keV 

and were used for RSL. For single-seed RSL, one seed was placed in the center of the DCIS 

region. In case of multiple-seed RSL, the radiologist implanted the seeds mostly at the anterior 

and posterior ends of the DCIS region which was characterized by a region of malignant 

calcifications as seen on mammography. The seed was loaded into an 18-gauge needle 

before the RSL procedure. Multiple implantation needles were used in case of multiple-seed 

RSL. The position of the implanted seed(s) with respect to the DCIS region was evaluated by 

a standard 2-view mammography that was acquired immediately after the RSL procedure.
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Breast conserving surgery

The decision to perform BCS was made during a multi-disciplinary meeting with participating 

radiologists, surgeons, plastic surgeons, radiation oncologists and pathologists and was 

based on the ratio of normal breast tissue versus DCIS volume in the breast and was further 

dependent on the patient’s preference. BCS consisted of a wide local excision (WLE) and was 

guided by audible and visual feedback of a hand-held gamma-detector probe  (Neoprobe ®, 

Johnson & Johnson Medical B.V., Hamburg, Germany). The actual surgical resection was 

based on localization of the radioactive iodine seeds, evaluated pre-operative imaging of  

the DCIS area (mammography, ultrasound and MRI) and knowledge and expertise of the 

surgeon. With single-seed RSL, the aim was to remove the DCIS region with a resection 

margin of 1 cm healthy breast tissue. For multiple-seed RSL, a segmental resection was 

performed including the DCIS, the iodine seeds and a margin of healthy tissue. The excision 

was performed from skin to the pectoral fascia. In both groups, titanium clips were placed at 

the edges of the excision cavity to support planning of post-operative radiation therapy. Both 

the excised specimen and the excision cavity in the breast were examined with the gamma-

probe to evaluate presence of the seeds in the specimen. Thereafter, the resection specimen 

was transported in a lead container to the pathology department. All excision specimens 

were oriented and labelled with sutures. Patients underwent an oncoplastic reconstruction in 

case of (expected) deformity of the breast after BCS. The reconstruction was performed by 

the plastic surgeon immediately after the DCIS resection. 

Pathological examination

The 125-I seeds were extracted from the resection specimens by the pathologist, placed in a 

lead container and then transported to the long-term storage facility of the nuclear medicine 

department. Standard histopathological assessment was performed on the specimen. DCIS 

was graded according to the classification proposed by Holland et al. [16]. According to 

national guidelines, resection margins were considered negative when no DCIS cells were 

present on the inked margins of the excised specimen. A positive resection margin was 

defined as ductal carcinoma on ink, either focally positive (when DCIS cells were found in 

the resection margin within an area of ≤ 4 mm) or more than focally positive (when this area 

is larger than 4 mm).  A re-operation was indicated in the case of both focally positive and 

more than focally positive resection margins, except if the positive margin was located on 

the dorsal side of the patient. Grade of the DCIS and patients preference were also taken 

into account. 

Statistical analysis 

Categorical variables were reported as counts and percentages and compared between 

both groups using the Fisher’s exact test. Continuous variables were reported as sample 
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size, median and range and compared between both groups using an unpaired t-test. SPSS 
® version 20.0 (IBM, Armonk, New York, USA) was used for statistical computation and a  

p value of < 0.05 was considered statistically significant.

Results

A total of 405 patients was diagnosed with DCIS in our clinic between January 2008 – 

December 2016. Of these, 116 patients had unifocal DCIS with a radiological size of  

≥ 3.0 cm. Single-seed was performed in 58 patients and multiple-seed RSL in the remaining 

58 patients, both with the intent to perform BCS. A total of 10 patients in the single-seed 

RSL group underwent skin sparing mastectomy instead of BCS. Thus, in total 48 patients 

underwent single-seed seed implantation and subsequent BCS, compared to 58 patients in 

the multiple-seed RSL group (Figure 1). Both the use of single-seed and multiple-seed RSL 

increased throughout the years (Appendix 1). 

Figure 1. DCIS population that underwent single seed and multiple seed radio- active 125I seed 
localization between January 2008 and December 2016.
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The median lesion size was 30.0 mm on mammography for the single-seed RSL group, 

compared to 44.0 mm for the multiple-seed RSL group (p = 0.25). DCIS was predominantly 

presented as a region of calcifications on mammography in both groups (79.3% vs. 86.2%). 

CE-MRI was acquired in 46 (79.3%) patients with a single seed and 44 (75.9%) patients with 

multiple seeds. Median lesion size on CE-MRI was respectively 26.5 mm and 47.0 mm in 

both groups (p = 0.02). DCIS appeared predominantly as non-mass enhancement in both 

groups (51.7% and 53.4%), and was occult on MRI in 25.9% and 20.7% for single-seed 

and multiple-seed RSL, respectively. DCIS with grade 1, 2 and 3 was approximately equally 

represented in both groups (Table 1).

Twenty-three of the 48 patients (47.9%) in the single-seed RSL group had an incomplete 

tumor resection: 5/23 patients had focally positive resection margins and 18/23 patients more 

than focally positive resection margins. Nineteen patients (39.6%) underwent a re-operation, 

Table 1. Clinical patient and DCIS characteristics of patients with DCIS ≥ 3 cm who underwent either 
single of multiple 125I RSL.

Single 125I RSL
(n=58)

Multiple 125I RSL
(n=58)

p-value

Age (yrs.)
   ≤ 50 
   > 50 

 11  (19%) 
 47  (81%)

 14  (24.1%) 
 44  (75.9%)

0.65 

Median lesion size (range) in mm
Mammogram 
MRI

30.0 (4 – 130) 
26.5 (12 – 90)

44.0 (3 – 100) 
47.0 (6 – 73)

0.25 
0.02

Mammogram 
Mass 
Calcifications 
Mass and calcifications 
Asymmetric density/architectural distortion

 4  (6.9%)  
 46  (79.3%) 
 5  (8.6%) 
 3  (5.1%)

 0   
 50  (86.2%) 
 4  (6.9%) 
 4  (6.9%)

0.35

MRI
Mass 
Non mass enhancement 
No enhancement 
Not performed

 1  (1.7%) 
 30  (51.7%) 
 15  (25.9%) 
 12  (20.7%)

 1  (1.7%) 
 31  (53.4%) 
 12  (20.7%) 
 14  (24.1%)

0.85 

DCIS grade determined by vacuum-
assisted biopsy
I 
II 
III 
Micro-invasion

 
 16  (27.6%) 
 23  (39.7%) 
 18  (31.0%) 
 1  (1.7%)

 
 16  (27.6%) 
 26  (44.8%) 
 14  (24.1%) 
 2  (3.4%)

 
0.80

Number of seeds used
1   
2 
3 

 58  (100%) 
  0 
  0

 0 
 52  (89.7%) 
 6  (10.3%)

< 0.01
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either a re-excision (n = 11) or a mastectomy (n=8). Three patients were treated with adjuvant 

radiotherapy including a boost on the original DCIS area. One remaining patient with positive 

margins refused additional post-operative therapy. In the multiple seed RSL group, 7 patients 

had focally positive and 10 patients more than focally positive resection margins. Of these 

patients, twelve patients underwent a re-operation (20.7%), either a re-excision (n=6) or 

a mastectomy (n=6). Five patients were treated with post-operative radiotherapy due to 

positive margins located on the pectoral fascia (n=5). Thus, in total the re-operation rate for 

the single-seed and multiple-seed RSL group was respectively 39.6% and 20.7% (p = 0.05). 

The median resection specimen weight after standard BCS with single and multiple-seed 

RSL group was 35.0 g and 79.5 g, respectively (p < 0.01). Although the median resection 

weight was higher in the multiple-seed RSL group, the involved resection margins were 

found in both smaller and larger excisions (Figure 2 and 3). This indicates that a positive 

resection specimen was not solely prevented by excising larger volumes. Furthermore,  

more oncoplastic reconstructions were performed in the multiple-seed RSL group (51.7%, 

compared to 22.9% in single-seed RSL, p < 0.01). In most cases, a wise pattern reduction 

mammoplasty was performed directly after the WLE. In the patients who underwent 

oncoplastic surgery, the median weight of the resection specimen was 57.0 g in the single-

seed RSL group and 99.0 g in the multiple-seed RSL group (p = 0.10). 

Table 2. Surgical outcomes of patients with DCIS ≥ 3 cm that underwent either single or multiple 125I RSL 
and subsequent BCS.

Single 125I WLE
(n=48)

Multiple 125I WLE
(n=58)

p-value

Oncoplastic reconstruction  
Yes 
No

 
 11  (22.9%) 
 37  (77.1%)

 
 30  (51.7%) 
 28  (48.3%)

< 0.01

Type of reconstruction
Intercostal perforator flap 
Thoracodorsal flap 
Reduction mammoplasty

 1  (9.1%) 
 4  (36.4%) 
 6  (54.5%)

 6  (20.0%) 
 8  (26.7%) 
 16  (53.3%)

 
 

0.75 

SLN biopsy performed
Yes, positive 
Yes, negative 
No

 2  (4.2%) 
 20  (41.7%) 
 26  (54.2%)

 1  (1.7%) 
 35  (60.3%) 
 22  (37.9%)

0.15

Median (range) specimen weight (g) 
Without reconstruction          
With reconstruction     

 35.0  (4 – 155) 
 34.5  (4 – 155) 
 57.0  (23 – 112)

 79.5  (12 – 399) 
 64.0  (12 – 210) 
 99.0  (12 – 399)

< 0.01 
< 0.01  
0.10

Median lesion size (range) on pathology in mm  35.0  (2 – 90)  40.0  (1 – 110) 0.73
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Pure DCIS was found in respectively 85.4% and 81.0% of the resection specimens in the 

single seed and multiple-seed group. Both DCIS and micro-invasion was found in 6/48 

(12.5%) and 10/58 (17.2%) patients in the single seed and multiple seed RSL group.

In two patients no DCIS but only Lobular Carcinoma In Situ (LCIS) was found in the resection 

specimen. Furthermore, median size of the DCIS on pathology in the single-seed and 

multiple-seed RSL group was 35.0 mm and 40.0 mm, respectively (p = 0.73). 

Discussion

Our results show that the use of both single and multiple-seed RSL has increased throughout 

the years in our hospital. Patients in the multiple-seed group had lower rates of positive 

resection margins and re-operations compared to patients with a single seed, at a cost of 

larger resection specimen. 

BCS in patients with extensive DCIS is a challenging task. Already in 1987 Silverstein et 

al. suggested tumor bracketing by the use of multiple wires to localize tumor boundaries 

[13]. Since then, BCS guided by multiple wires has been considered as an attractive 

alternative to offer the patient, instead of standard mastectomy. However, the beneficial value 

of tumor bracketing for BCS in existing literature is not consistent. One study compared 

the surgical outcomes of patients with DCIS or invasive cancer that had either a single 

(n=196) or multiple (n=153) wires and underwent subsequent BCS [10]. They found a re-

operation rate of 28% in the multiple wire group, compared to 36% using a single wire. They 

used specimen length as a surrogate for DCIS size and found comparable lengths in both 

groups: 5.6 cm in the multiple wire group compared to 4.9 cm for patients with a single wire. 

Another study also compared the use of single and multiple wires to localize DCIS or invasive 

cancer [17]. Patients in the multiple wire group had larger lesions on mammography (26.0 

mm) compared to the single wire group (12.5 mm). However, the re-operation rates in the 

single and multiple wire groups were comparable: 25% versus 24%. A study of Al-Hilli et 

al. evaluated the use of multiple-seed RSL for tumor bracketing or localization of multiple 

lesions [18]. During a time period of 11.5 years, 154 patients underwent multiple-seed RSL 

for tumor bracketing and subsequent BCS. The rate of close/positive resection margins was 

39% (60/154 patients), in which subsequent re-excision (39 patients) or mastectomy (21 

patients) was required as a second surgical operation. 
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However, it is difficult to compare our results to the previous described studies since not 

only DCIS but also invasive tumors were included in these patient cohorts, which hampers a 

completely fair comparison. Furthermore, in 2016 new clinical guidelines were published by 

three American cancer organizations, regarding the definition of negative resection margins 

for BCS of DCIS [19]. They stated that a 2 mm clean resection margin should be the new 

standard for women diagnosed with DCIS treated with BCS and whole-breast irradiation. 

This new guideline is even more strict than then our definition of a negative resection margin, 

stressing the aim for accurate localization of DCIS in order to achieve negative resection 

margins after BCS. To achieve accurate localization of the extensive DCIS, pre-operative 

imaging needs to be acquired. Currently, pre-operative visualization of DCIS is acquired 

by a combination of mammography, ultrasound and CE-MRI. MRI has been shown to be 

the most sensitive imaging modality to visualize the true DCIS extent, especially for DCIS of 

intermediate or high grade [20], [21]. However, in 20-25% of the cases in our cohort the DCIS 

was occult on MRI (Table 1). Mammography is known to underestimate the pathological 

extent in patients with positive resection margins for DCIS, regardless of DCIS grade [22]. 

Therefore, it is important to realize that the true DCIS extent might not be completely visible 

during either ultrasound or stereotactic-guided radioactive seed implantation. The possible 

lack of accurate DCIS visualization has a direct effect on the final location where the multiple 

seeds are placed for bracketing, and therefore also influences the surgical results. 

In the current study we only included patients with extensive DCIS, defined as a radiological 

DCIS size of at least 3 cm. Patients with more extensive DCIS have a higher risk of positive 

Table 3. Pathology outcomes of patients with DCIS ≥ 3 cm that underwent either single or multiple 125I 
RSL and subsequent BCS. 

Single 125I WLE 
(n=48)

Multiple 125I WLE 
(n=58)

p-value

Margin status 
Negative   
Focally positive  
More than focally positive 

 
 25  (52.1%) 
 5  (10.4%)  
 18  (37.5%)

 
 41  (70.7%) 
 7  (12.1%) 
 10  (17.2%)

0.06

Re-operation  19  (39.6%)  12  (20.7%) 0.05

Type of re-operation 
Re-excision 
Mastectomy

  
 11  (57.9%) 
 8  (42.1%)

 
 6  (50.0%) 
 6  (50.0%)

 
0.19

Final pathology
DCIS 
(Micro)-invasion 
Lobular Carcinoma In Situ (benign)

 41  (85.4%) 
 6  (12.5%) 
 1  (2.1%)

 47  (81.0%) 
 10  (17.2%) 
 1  (1.7%)

0.79
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resection margins. This was already illustrated by a study of Cheng et al. in which the rate 

of positive resection margins increased from 30% to 77% if patients had DCIS larger than 

2.5 cm in the final resection specimen [23]. In our cohort, both the median DCIS size on 

pre-operative CE-MRI as well as the median weight of the resection specimen were larger in 

the multiple-seed RSL group. However, it is important to note that positive resection margins 

were not only found in the smaller resection specimens in both groups (indicated by Figure 

2 and 3). This indicates that complete tumor resection was not solely achieved by excising 

larger volumes, regardless the use of a single or multiple iodine seeds. 

One limitation of our study is its retrospective character. The rationale to perform either single 

or multiple seed RSL in patients with extensive DCIS was not clearly defined, although lesion 

size as seen on pre-operative imaging was most important. This was also reflected by the 

higher median lesion size on CE-MRI in the multiple seed group compared to patients with 

only one seed. This may have caused heterogeneity in patient and DCIS characteristics 

between the single and multiple RSL group. However, when comparing the lesion sizes at 

pathology both groups seem to be comparable. Interestingly, throughout the years the use of 

multiple seeds and single seeds was well balanced.

Figure 2. Resection margins versus weight of the resection specimen in the single seed RSL group.
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Conclusion

We show that bracketing of extensive DCIS using multiple seeds is feasible and results in 

acceptable low rates of positive resection margins and re-operations in patients with DCIS 

areas larger than 3 cm. These results encourage BCS guided by multiple iodine seeds in 

patients with extensive DCIS, instead of standard mastectomy. 
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Appendix 1. The use of single-seed and multiple-seed RSL throughout the years.
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