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Abstract

Purpose To assess the feasibility of completely excising small breast cancers using the automated, image-guided, single-pass
radiofrequency-based breast lesion excision system (BLES) under ultrasound (US) guidance.

Methods From February 2018 to July 2019, 22 patients diagnosed with invasive carcinomas < 15 mm at US and mammog-
raphy were enrolled in this prospective, multi-center, ethics board-approved study. Patients underwent breast MRI to verify
lesion size. BLES-based excision and surgery were performed during the same procedure. Histopathology findings from the
BLES procedure and surgery were compared, and total excision findings were assessed.

Results Of the 22 patients, ten were excluded due to the lesion being > 15 mm and/or being multifocal at MRI, and one
due to scheduling issues. The remaining 11 patients underwent BLES excision. Mean diameter of excised lesions at MRI
was 11.8 mm (range 8.0-13.9 mm). BLES revealed ten (90.9%) invasive carcinomas of no special type, and one (9.1%)
invasive lobular carcinoma. Histopathological results were identical for the needle biopsy, BLES, and surgical specimens
for all lesions. None of the BLES excisions were adequate. Margins were usually compromised on both sides of the speci-
men, indicating that the excised volume was too small. Margin assessment was good for all BLES specimens. One technical
complication occurred (retrieval of an empty BLES basket, specimen retrieved during subsequent surgery).

Conclusions BLES allows accurate diagnosis of small invasive breast carcinomas. However, BLES cannot be considered as
a therapeutic device for small invasive breast carcinomas due to not achieving adequate excision.
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Introduction

Due to a substantial portion of breast cancers being detected
at screening, the average size of newly detected breast can-
cers is decreasing, with 53% of them being below 2 cm [1].
For small cancers, breast conserving therapy (BCT), includ-
Department of Medical Imaging/Radiology, Radboud ing wide local excision and radiation therapy, has largely
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set despite clear evidence that local surgical excision alone
frequently leaves residual cancer deposits in the breast [3, 4].
However, since the addition of radiation therapy decreases
the local recurrence risk, BCT is as safe as mastectomy [5,
6]. Nonetheless, residual cancer in the resection margin is
predictive for recurrence, which results in poorer overall
survival [6]. Consequently, assessment of tumor involve-
ment of the surgical resection margin has become standard
of care [7].
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Recently the breast lesion excision system (BLES™,
Medtronic Inc., Dublin, Ireland) has been introduced for
breast cancer diagnosis [8]. Briefly, the device, designed
for diagnostic breast biopsy, excises a lump of tissue
through a very small skin incision under mammographic
or ultrasound (US) guidance. The size of the extracted
lump is dependent on the biopsy needle chosen, which is
available in diameters of 12 mm, 15 mm, and 20 mm [9].

There are a few reports suggesting that, in a diagnos-
tic setting, up to 66% of invasive cancers are completely
excised using the BLES, albeit these studies did not aim
to excise the entire lesion, and where mainly performed
under mammographic guidance [9-16].

Very little literature exists on the use of BLES under
US guidance [17, 18], with only Niinikoski et al. [18]
reporting a complete excision rate under US guidance of
46.6%. US guidance allows for real-time feedback of the
needle position during biopsy, and has been shown to be
beneficial for surgical tumor excision [19, 20]. Therefore,
US seems to be a logical choice as the guidance technique
when BLES is used as a therapeutic device.

Therefore, the aim of this study was to evaluate
whether it is feasible to excise small breast cancers com-
pletely using the BLES system under US guidance.

Materials and methods
Study design and patient population

This prospective multi-center study was approved by the
local ethical review board, and all study participants pro-
vided written informed consent. Two different hospitals
situated in Nijmegen, the Netherlands, were participat-
ing (Radboud University Medical Center, an academical
hospital and Canisius-Wilhelmina Hospital, a district hos-
pital). Patients with histologically proven invasive breast
cancer based upon a diagnostic 14G core needle biopsy,
and with a maximum diameter of 15 mm as assessed at US
and mammography were included in our study. The tumor
had to be clearly visible with US according to the radi-
ologist who performed the primary evaluation. Patients
with an indication of more extensive disease on imaging
(e.g., an area of calcifications adjacent to the mass) were
excluded. Pregnant patients, patients with breast implants,
and patients with implanted electronics, such as a cardiac
pacemaker, were not suitable to undergo the BLES biopsy
and therefore also excluded. Furthermore, patients were
excluded when the breast lesion was situated closer than
6 mm to the dermis, nipple, or pectoral muscle.

@ Springer

Imaging

In all subjects the lesion diameter and the absence of a mul-
tifocal tumor was verified with magnetic resonance imaging
(MRI). For this, all patients were scanned on a 3T system
with a 16 channel breast coil (Skyra, Siemens, Erlangen,
Germany), using a state-of-the-art full diagnostic protocol
as previously described by Dalmis et al. [21], including high
resolution T1 weighted pre- and post-contrast acquisitions.
Tumor diameter was assessed in three orthogonal directions,
on both the original images obtained two minutes after con-
trast administration and on the subtracted images generated
from pre- and post-contrast acquisitions by one of two breast
radiologists with 12 and 16 years of experience. When the
maximum lesion diameter was confirmed as being < 15 mm
at MRI, the subjects could continue in the study.

BLES and surgical procedure

The BLES procedure was scheduled directly preceding the
regularly planned surgery, to take place when the patient was
already under general anesthesia, to minimize the burden of
the study on the patient.

Although the patient positioning was optimized for sur-
gery, when required the table could be tilted to improve the
accessibility of lesions for the BLES procedure. All BLES
procedures were performed by one of two radiologists using
a 20 mm disposable BLES needle under US guidance using
an US system equipped with a 34 mm 4-12 MHz linear
probe (L12-4 Broadband linear array transducer, Philips,
Eindhoven, the Netherlands). The 20 mm probe used during
this study enables an excision of a spheroid specimen with a
maximum thickness of 20 mm.

Following the BLES procedure, the BLES excision cavity
and at least 1 cm of surrounding tissue was excised by one of
two dedicated breast surgeons with 22 and 26 years of expe-
rience. Both specimens (BLES and surgical) were marked
with sutures by the surgeon to document the orientation
according to standard protocols and sent to histopathology.

Histopathology analysis

The specimens were processed as per standard procedures
at the pathology department, including X-ray imaging of
both specimens (intact and sliced). The specimens were
inked on the external surfaces and sliced perpendicular to
the longest axis of the specimens. These slices were serially
embedded and examined using standard pathological analy-
sis (hematoxylin and eosin staining) as well as advanced
pathological evaluation such as immunohistochemistry.
Margin assessment was performed separately for the BLES
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excision and the surrounding surgical specimen by one of
two breast pathologists with 10 and 25 years of experience.
The residual tumor burden and histology in the surgical
specimen was also assessed. In accordance with the Dutch
Breast Cancer Guidelines, adequate excision was defined
as having no more than focal involvement of the resection
margins, which is defined as foci of invasive tumor and/or
adjacent ductal carcinoma in situ (DCIS) touching four mm
or less of the inked margin [22].

For each lesion, we assessed concordance between the
histopathological diagnosis obtained at diagnostic biopsy
[core needle biopsy (CNB), BLES, and surgical excision].

Follow-up

All patients had a post procedure follow-up appointment
within two weeks after surgery to discuss pathology results
and examine the healing process of the incisions and, if
present, deal with any complications such as hematoma or
infection.

Data analysis

The mean values and the respective standard deviations
were used to describe continuous measurements, such as the
diameter and margins in mm, while frequencies and percent-
ages were used for categorical variables such as the lesion
types, complications, and concordance between BLES and
surgery.

All statistical analyses were performed using SPSS soft-
ware version 25 (SPSS Inc., Chicago, IL, USA).

Results

From February 2018 to July 2019, a total of 22 patients
who had histologically confirmed invasive carcinomas
with a diameter < 15 mm on US and mammography were
enrolled in the study. Eleven patients (50%) were subse-
quently excluded due to MRI findings (n=10) or because
the BLES was not available at the time of surgery (n=1)
(Table 1). Characteristics of patients and lesions are detailed
in Table 2.

Table 1 Reason for subsequent exclusion from BLES procedure

N=11
BLES not available 1
MRI findings 10
>15 mm 3
Multifocal
>15 mm and multifocal 6

Table 2 Baseline characteristics of patients and lesions treated with
the BLES

Median (range)

Age 60 years (5173 years)
Lesion diameter
US 8 mm (611 mm)
MRI 11.8 mm (8-13.9 mm)
BLES specimen
Length 18.9 mm (12-25 mm)

Thickness 8.8 mm (6-12 mm)
n (%)

BI-RADS

4 19.1%)

5 10 (90.9%)
Radiological findings

Round mass 1(9.1%)

Oval mass 2 (18.2%)

Irregular mass 8 (72.7%)
ACR density classification

A (Almost entirely fatty) 1(9.1%)

B (Scattered fibroglandular density) 8 (72.7%)

C (Heterogeneously dense) 2 (18.2%)

D (Extremely dense) 0 (0%)
Histopathological findings

Invasive carcinomas of no special type 10 (90.9%)

(NST)

Invasive lobular carcinoma 1(9.1%)
Radiofrequency-related thermal damage

Mild (< 0.5mm) 6 (54.5%)

Moderate (0.6—1 mm) 3(27.3%)

Extensive (1.1-1.5 mm) 2 (18.2%)

At histopathological analysis of the surgical resections,
the BLES biopsy cavities were identified in all cases. None
of the BLES biopsies were adequate. Ten excisions (90.1%)
had more than focal involvement of the resection margins
and one excision (9.1%) had focal involvement with the
majority of the tumor situated in the surgical specimen.
Margin assessment of the BLES specimens was well pos-
sible in all cases and thermal damage had no influence on
the evaluation by the pathologist. Margins were usually
compromised on both sides of the specimen, indicating that
the targeting was accurate, but the excised volume was too
small (Fig. 1; Table 3). Residual tumor was present in all
surgical excision specimens. In all cases this correlated with
the positive margin seen on the BLES specimen. In the sur-
gical resection the mean depth of the residual tumor was
3.3 mm (range: 1 -9 mm) measured perpendicular to the
BLES biopsy cavity.

A technical complication occurred in one case (9.1%),
due to the retrieval of an empty BLES basket. However, it
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Fig. 1 Location indication with
respect to the BLES needle

Table 3 Location in BLES resection where tumor is present centrally
in the BLES specimen and where margins are positive in the BLES
specimen

Tumor present Tumor present in
centrally in the margin of BLES

BLES specimen specimen
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was possible to retrieve the BLES specimen during subse-
quent surgery. There were no other adverse events or post
procedure complications, such as infection, hematoma,
wound healing problems or unexpected scarring. Histo-
logical results were identical for CNB, BLES, and surgical
specimen in all lesions.

Discussion
Previous studies have shown that the BLES is a safe and

accurate diagnostic device, and a good alternative to vacuum
assisted biopsy and CNB [9, 10, 15, 16]. However, our study
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shows that the evaluated BLES needle (diameter of 20 mm)
is too small for US guided excision of small invasive breast
cancers.

Based on our results, BLES cannot be considered as a
therapeutic substitute to surgical excision. In this study, we
did not observe a single adequate excision of any lesion
according to the Dutch Breast Cancer Guidelines (no more
than focal margin involvement [22], even though lesions in
this study were carefully selected through prior imaging.
Previous studies have suggested that BLES could enable
complete excision of small invasive lesions [9, 11, 12, 15,
23-25], with a success rate of up to 62.5%. However, most
of these studies had a diagnostic focus, without aiming to
excise the entire lesion, and used a different definition of
an adequate BLES resection. In addition, all these studies
included a time interval between the BLES procedure and
the surgical re-excision, which may explain the outcome dif-
ferences between them and this study. This is because, as
reported by Nasir et al. [26], residual malignant cells may
be eliminated during the wound healing process that occurs
during the time interval between the lumpectomy and the re-
excision in case of positive margins. In a similar vein, Wiley
et al. [27] reported that an increased time interval between
initial lumpectomy and re-excision resulted in a decreased
incidence of residual disease.

It might be worth evaluating how important clear mar-
gins are for the treatment of breast cancer. The minimally
accepted resection margin for breast conserving surgery
above which a re-excision is advised has been already
debated for years. The Society for Surgical Oncology
and the American Society for Radiation Oncology (SSO-
ASTRO) and the European Society for Medical Oncology
(ESMO) recommend no ink on tumor as an adequate mar-
gin for invasive breast cancer [28, 29]. However, the Dutch
Breast Cancer Guidelines considers the recurrence risk for
focally (< 4 mm) positive margins after BCT (resection fol-
lowed by radiation treatment) acceptable [22]. Vos et al.
concluded that this focal involvement is usually caused by
radial extensions (spicules) of the tumor or residual DCIS
[30]. In another study, Vos et al. state that omitting re-exci-
sion for focally positive margins does not impair the 5-year
disease-free and 10-year overall survival rates, provided that
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adjuvant whole-breast irradiation is given, including a boost
to the tumor bed [31]. Accordingly, the treatment combina-
tion of BLES biopsy to excise the tumor bulk with subse-
quent adjuvant breast irradiation might be a potential option
to explore in the upcoming field of minimally invasive treat-
ment of breast cancer. Of course, oncological safety, with
recurrence rates and breast cancer related mortality should
be the endpoint of such studies.

All BLES procedures in our study were performed under
US guidance. With US guidance there is good 3D orienta-
tion and positioning with the BLES needle, in addition to
real-time imaging feedback during the procedure. However,
the adequate excision rate was much lower in comparison to
other studies that reported the performance of the procedure
under stereotactic guidance. Milos et al. [24] and Papapana-
giotou et al. [25] performed BLES resections with stereo-
tactic guidance that resulted in a complete excision rate of
40% and 48.8%, respectively, for invasive breast lesions. The
compression of the breast, which is required for stereotactic
guidance, likely provides better tissue immobilization, fixing
the lesion during the procedure. It can be hypothesized that
this relative fixation results in fewer positive margins at the
distal poles of the ellipsoidal specimen.

In our study, none of the specimen margins were free of
tumor cells. This is not surprising given the fact that the
specimens had an ellipsoidal shape, measuring approxi-
mately 19 mm in length and 9 mm in thickness. Therefore,
it proved impossible to retrieve a specimen with a thick-
ness of 20 mm, which we expected from a basket with
dimensions of 20 mm by 25 mm. This seems to confirm
the results of Christou et al. [32], who reported compa-
rable average specimen dimensions for the 20 mm probe
(20 mm in length and 10 mm in thickness). Killebrew et al.
[16], did, however, report larger dimensions for the smaller
15 mm probe (21 mm in length and 15 mm in thickness).
To excise even very small lesions completely it is thus
necessary that this lesion is perfectly centered in the speci-
men, which is quite challenging under US guidance. After
starting the deployment of the basket, it is not possible
to re-adjust the needle location using the available real-
time imaging feedback, even if the deployment itself may
cause movement of the lesion due to mechanical effect
on the tissue, which may push the target aside during the
excision. In this study, tumor cells were observed in the
margins at the poles of the ellipsoid (see Fig. 1; Table 3).
In initial procedures it was mainly observed involvement
of the proximal pole. This implies that the needle tip was
positioned too close to the lesion, and therefore the basket
was not opened wide enough when reaching the lesion.
However, positioning the needle tip a little further away
from the lesion resulted in involvement of the distal pole,
due to too early closure of the basket. In all patients the
margin was involved centrally, mainly due to the fact that

the lesions were wider than the maximum thickness of
the specimens. Therefore, it seems unfeasible to excise
lesions completely with free margins with the currently
available probes, even for very carefully selected small
invasive malignancies.

Based on our results and previous studies, we would
advise to consider the BLES as a therapeutic device only
in specific situations and for specific lesions. First, the
BLES may be a good alternative for surgical excision of
small benign lesions [11, 18, 33]. However, in recent years,
vacuum assisted excision, which is more cost effective com-
pared to the BLES, has become the standard of care for this
indication [34].

Second, the BLES procedure is a potential alternative for
patients that are ineligible for surgical procedure or anes-
thesia, as it can be applied in an outpatient setting without
general anesthesia. Nevertheless, complete excision of inva-
sive lesions cannot be guaranteed with the BLES and such
cancers can commonly be controlled with hormonal therapy
alone [35].

Only one (9.1%) complication with the device was
reported in this study, which is comparable with previous
literature [9, 16, 23]. Another common complication due
to the BLES system is bleeding (0~11.8%) and hematoma
(0-8.8%) [9-18, 24, 25, 33, 36], none of which occurred dur-
ing this study. This is probably because the conventional sur-
gery was performed immediately after the BLES procedure.

The small number of patients (n=22) is the major limi-
tation of our study, especially considering that 10 patients
(45%) were subsequently excluded due to MRI findings.
However, it was the purpose of this study to select and evalu-
ate only those patients with small lesions that had the best
chance of a complete excision with the BLES device. In
addition, during this study we did not assess the learning
curve for our radiologists in the use of the BLES. How-
ever, the radiologists are experienced with different biopsy
techniques under ultrasound guidance and all radiologists,
surgeons and surgery assistants received a training program
regarding the use of the BLES device. Furthermore, Mich-
alopoulos et al. [37] stated that the BLES appears to be an
easier-to-learn technique compared to the vacuum assisted
biopsy (VAB) procedure, therefore it seems that any bias
due to a lack of previous experience with this device is
minimized.

In conclusion, based on previous studies and our own
experience in selected cases, the BLES is a reliable diagnos-
tic method with low underestimation and complication rates.
However, we discourage its use for excision of malignant
lesions as a substitute for surgical excision. In the future
we hope that the design of the BLES will be modified and
improved to make it better suitable for complete excision of
small malignant lesions.
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