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Abstract

Background Techniques for accurately delineating the tumor bed after breast-conserving surgery (BCS) can be

challenging. As a result, the accuracy, and efficiency of radiation treatment (RT) planning can be negatively

impacted. Surgically placed clips or the post-surgical seroma are commonly used to determine target volume;

however, these methods can lead to a high degree of uncertainty and variability. A novel 3-dimensional bioab-

sorbable marker was used during BCS and assessed for its impact on RT planning.

Methods One hundred and ten implants were sutured to the margins of the tumor bed excision site in 108 patients

undergoing BCS. Routine CT imaging of the breast tissue was performed for RT planning, and the marker was

assessed for visibility and utility in target delineation. RT regimens, target volumes and associated treatment costs

were analyzed.

Results In all patients, the marker was easily visible and in 95.7 % of cases, it proved useful for RT planning. 36.8 %

of patients received conventional whole breast irradiation plus boost, 56.6 % received hypo-fractionation plus boost,

and 6.6 % received accelerated partial breast irradiation. A shift toward increased use of hypo-fractionated regimens

was noted over the three year period of this study. There were no device-related complications or cancer recurrences

in this group of patients.

Conclusions This study demonstrated the use of a novel 3-dimensional marker as a safe and effective method for

delineating the tumor bed with a significant utility for RT planning. With routine use of the device, an increased use

of hypofractionation with a resultant 25 % cost savings was noted.

Introduction

Breast conservation surgery (BCS) exemplifies the height

of progress in the surgical management of breast cancer. In

most cases, post-operative radiation therapy (RT) is an

essential component of treatment in order to reduce local

recurrence rates, and achieve survival rates consistent with

mastectomy [1–4]. In regard to preventing local recurrence,

the tumor excision site is at highest risk, with 80 % of local

cancer recurrences occurring at the surgical excision site of

the tumor bed [5–7]. This site-specific nature of recurrence

risk is particularly important in patients with certain tumor

characteristics (e.g., DCIS with comedonecrosis), and those

patients with close surgical margins (less than a few mil-

limeters). Thus, in the treatment of breast and other can-

cers, surgeons strive to identify the tumor bed in order to

assist with targeting of post-operative RT and follow-up.

Given the recent guidelines regarding ‘‘no tumor on ink’’,
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set forth by the Society of Surgical Oncology (SSO) and

the American Society for Therapeutic Radiation Oncology

(ASTRO), greater precision in radiation targeting to the

tumor bed is a timely topic of concern [8].

The majority of BCS patients today receive whole

breast irradiation plus a boost, to the tumor bed. However,

there is widespread interest in using more advanced

techniques, such as hypo-fractionated and/or accelerated

treatment regimens [9–18]. These methods are attractive

for many reasons, most notably decreased time for

patients to complete their treatment (thereby reducing the

arduous nature of a six-week, daily course of radiation)

and the opportunity for significant cost savings. One

factor that has hindered adoption of these techniques is

the difficulty in accurately targeting the surgical tumor

bed in order to maintain tight parameters and smaller

treatment volumes. In many cases, uncertainty or ambi-

guity in the ability to target the tumor bed leads to target

volumes that are simply too large to treat in an acceler-

ated manner, without the potential to cause an increase in

toxicities [19–30]. While several methods for targeting

the tumor bed are currently used, none of them produce

an easily visible, standardized target that is reliable during

the post-operative period of healing and the associated

changes to the breast.

Currently, the region targeted for radiation treatment is

defined by individual surgical clips placed by the surgeon

or the presence of post-surgical tissue changes and seroma.

Both of these methods have notable limitations that

introduce concerns when determining target volumes [31].

To address these limitations, a surgical tissue marker has

been introduced that can be sutured directly to the surgical

site as an indicator, thereby providing a visual guide for RT

planning. Theoretically, use of this marker could serve to

provide an enhanced method of communication between

the surgeon and radiation oncologist to assist planning and

targeting [32–34]. In order to assess the utility of this

surgically implanted marker, we tracked the impact of its

ability to help visualize the tumor excision site and its

potential impact on RT planning.

Materials and methods

Pre-operative

Following informed consent, 108 consecutive patients were

prospectively selected for implantation with a 3-D ‘‘volu-

metric’’ implantable marker (BioZorbTMTissue Marker,

Focal Therapeutics, Aliso Viejo, CA) at the time of BCS

(partial mastectomy/lumpectomy). The marker is com-

posed of a semi-rigid, bioabsorbable spiral framework

made of polylactic acid (PLA) with a fixed array of 6

titanium clips embedded within the spiral. All patients

received a comprehensive pre-operative workup that

included mammography, ultrasound, MR imaging (where

appropriate), minimally invasive biopsy, and wire local-

ization. In addition, each patient was presented at our

Fig. 1 a–c Surgical sizing set

used for intra-operative

assessment of tumor bed to

assist with appropriate selection

of implant size and shape.

d Different sizes/shapes of the

implantable marker
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hospital’s weekly multidisciplinary tumor board confer-

ence for review and treatment recommendations.

Surgical technique

A single dose of intravenous antibiotics was given in

standard fashion just prior to surgery. Excision of the tumor

and surrounding margin was performed, and the surgical

area was irrigated with antibiotic solution (Bacitracin).

Intra-operative specimen X-ray was obtained, and in most

cases, sentinel lymph node biopsy was performed. Next, a

sizer set was used to assess the geometry of the excised

tumor bed within the surgical cavity in order to assist with

selection of the appropriate size tissue marker to be

implanted (Fig. 1a-d).

After selection of the appropriate implant, several

sutures were placed (typically 4–5 sutures of 3-0 Mono-

cryl) into the margins of the lumpectomy cavity and

adjacent mobilized tissue flaps. For deep tumors, where

dissection extended down to the pectoralis muscle, secur-

ing the implant included sutures into the pectoralis muscle

fascia. Caution was taken to avoid deep sutures into the

serratus anterior muscle at the lateral aspect of the breast,

in order to avoid post-operative pain with movement. The

sutures were then secured to the marker thereby approxi-

mating the margins of the tumor bed to the implant and

securing its position within the tissue (Fig. 2a,b).

Where appropriate, undermining of the skin at the level

of the mastectomy plane to create oncoplastic tissue flaps

was performed. This allowed enhanced tissue mobility and

helped to provide coverage of the implant between the

breast and the skin. Multilayer closure was routinely per-

formed. The breasts were immobilized in a compression

dressing following surgery, and patients were instructed to

wear supportive garments for 7–10 days. Use of the tissue

marker implant did not preclude or interfere with per-

forming other procedures typically used during BCS (e.g.,

sentinel lymph node biopsy, wire localization, reduction

mammoplasty, mastopexy).

Radiation therapy

After review of the final pathology report, each case was

discussed at the multidisciplinary tumor board, and patients

were scheduled for their RT planning CT in the 4–7 week

post-op timeframe. Some patients requiring chemotherapy

prior to radiation received their initial CT simulations

much later (i.e., several months) after surgery. Dose plan-

ning was performed using EclipseTM planning software

(Varian Medical, Palo Alto, CA), and in each case, one of

two radiation oncologists rated the visibility of the tissue

marker on a numeric scale [1–4], as well as the utility of

the device for RT planning. The method of RT delivered

and the dose regimens (including boost) were recorded and

analyzed.

Results

In total, 110 devices were implanted in 108 patients (two

patients had bilateral implants placed). Patient demo-

graphics are summarized in Table 1, including age, cancer

type, nodal status, and re-excision rate.

The marker was well tolerated, and in most cases was

not palpable. One patient with the implant sutured to the

serratus muscle reported discomfort; however, no patients

required removal of the device due to palpability or

Fig. 2 a The initial sutures

secured to the deep margins of

the cavity. b The marker

secured and nested down into

the excised tumor bed

Table 1 Patient demographics

Devices implanted 110

Age 63 yrs avg. (45-83)

Diagnosis 64.2 % IDC

22 % DCIS

13.8 % other

Node status 84.5 % Negative

15.5 % Positive

Re-excision 87.6 % no

10.5 % yes

1.9 % mastectomy
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discomfort. Patient photos illustrating typical post-opera-

tive outcomes are shown in Fig. 3a, b.

There were no post-operative infections; however, one

patient had persistent erythema with fluid at the surgical

site. The fluid was drained percutaneously, and cultures

were negative. Re-excision was required for close or

positive margins in 12.4 % of patients (including two

patients requiring mastectomy). Presence of the implant did

not impact the ability to perform re-excision, and in some

cases where oncoplastic techniques were used, the implant

served as a surgical guide to the appropriate area needing

re-excision. In most cases, resorption of the implant was

noted 16–24 months post-operatively. Prior to resorption,

the marker was palpable in some patients. With increased

surgical experience in placing the marker, and routine use

of the sizer set, palpability of the marker implant was

decreased.

Details of the radiation therapy regimens for the patients

that have completed RT at the time of this submission are

shown in Table 2. One patient was lost to follow-up.

Table 2 summarizes the RT results for all patients who

have completed RT.

All patients were women, with an average age of

63 years. The average length of time from surgery to

Fig. 3 a, b Patient 2 years after

completion of surgery and RT

(note no indentation or

deformity of the breast)

Table 2 Impact of implantable marker on visibility, RT regimen &

boost planning

Marker visibility 100 % visible on CT imaging

Radiation therapy type 36.8 % conventional

WBI ? boost

56.6 % hypoFx WBI ? boost

6.6 % APBI

Boost type 61.4 % electron

38.6 % photon

Marker utility for boost planning 95.7 % very or fairly useful

4.3 % somewhat or not useful

Fig. 4 a, b CT cross section of

left breast showing RT planning

using implant. c, d CT sagittal

section of left breast showing

RT planning using implant
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planning CT was 37.4 days. In regard to marker visibility

during CT simulation, the 3-D marker was rated by both

radiation oncologists as ‘‘easily visible’’ in 100 % cases.

When scoring the utility of the marker in assisting with

dose planning, the marker proved ‘‘very useful’’ or ‘‘fairly

useful’’ in 95.7 % of patients. It was rated as ‘‘somewhat

useful’’ or ‘‘not useful’’ in 4.3 % of patients. During the

course of radiation treatments, the marker assisted with

treatment planning, patient positioning and setup using

image overlay between fractions from day to day, thereby

providing consistency in patient planning and positioning

for delivery of RT (Fig. 4a–d).

When summarizing all patients receiving RT, 36.8 % of

patients received conventional full-course whole breast

irradiation (WBI), 56.6 % received hypo-fractionated

WBI, and 6.6 % received accelerated partial breast irradi-

ation (APBI). RT regimens were customized for each

patient on a case-by-case basis by the treating radiation

oncologist. WBI patients routinely received a boost to the

tumor bed, with 61.4 % receiving electrons and 38.6 %

receiving photons for the boost dose. When the RT regimen

data was analyzed according to three specific timeframes

(year one vs. year two vs. year three), an increased use of

hypo-fractionation was observed (Fig. 5).

Discussion

In this series of patients, we found use of a novel 3-di-

mensional tissue marker helped to delineate the surgical

margins at the time of partial mastectomy. It proved to

have unique features for each of the various clinical

specialists involved in the care of the breast cancer

patient—the surgeon, the radiation oncologist and the

radiologist.

For the surgeon, implantation was intuitive and did not

interfere with surgical techniques such as oncoplastic clo-

sure, sentinel node biopsy or re-excision for positive mar-

gins. It also allowed for approximation of tissue flaps

across the center of the device, thereby closing down the

cavity and providing a type of ‘‘macro-scaffolding’’ for

local breast reconstruction.

Although skin changes, dermal lymphedema, cellulitis

and breast deformities were not specifically tracked in this

study, we observed that the frequency and severity of

undesirable cosmetic changes typically encountered fol-

lowing BCS and radiation appeared to be reduced (Fig. 6).

These observations warrant additional study to further

document and quantify the extent of potential cosmetic

benefits that may be achieved.

In regard to surgical guidance for RT planning, many

surgeons use individually placed clips at the edges of the

resection cavity. This method is troublesome since the clips

mark the extent of the entire resection as opposed to

marking the margins of the tumor bed, reflecting the site at

greatest risk for recurrence. Additionally, clips can migrate

and if distant from the tumor bed, the radiation oncologist

may feel compelled to include them in the treatment plan,

thereby inadvertently overestimating the treatment volume

and including tissue that could potentially have been

excluded from the radiation field. These individually

placed clips also represent a point source rather than a

3-dimensional region, and since the clips are identical to

vascular clips, they can be a source of ambiguity when

used as an indicator for delineating the tumor bed.

Other uncertainties in target delineation may be caused

by surgical techniques such as oncoplastic cavity closure,

tunneling from an incision placed distant from the tumor

bed, use of tissue flaps for breast reconstruction or reduc-

tion mammoplasty. These techniques make surgical clips

and/or the seroma unreliable targets for RT planning since

ambiguity and uncertainty arise when trying to precisely

visualize the tumor bed on CT [35].

These challenges are well documented in the literature,

and prior to the availability of a 3-D marker, there was no

reliable surgical solution to assist with RT planning

[28, 36–47]. In this study, the marker provided a direct

visual means of communication between the surgeon and

radiation oncologists for RT planning that decreased

dependency on ambiguous planning targets such as the

seroma and surrounding tissue changes. This enabled an

extended period of time (4–6 week) for surgical healing to

occur prior to CT simulation without the risk of losing

visualization of the tumor bed. Similarly, the marker

maintained a reliable visual target for those patients

experiencing a delay in starting treatment—such as those

requiring chemotherapy prior to RT. Thus, for the surgeon,

the marker provided an efficient, reliable and standardized

Fig. 5 Increased use of hypo-fractionated regimens (green bars)

was observed over a 3-year period with a decline in both

conventional WBI (6 weeks ? boost; red bars) and Accelerated

Partial Breast Irradiation (brachytherapy; blue bars)
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method for delineating the region of the excised tumor bed

as a visual reference.

Our radiation oncology team found that the marker

incorporated easily into existing routines for imaging,

simulation planning, and delivery methods. The majority of

patients in this study were treated with WBI or hypo-

fractionated regimens. However, five patients were treated

with advanced techniques of RT delivery including: inter-

stitial brachytherapy, 5 field image guided radiation ther-

apy (IGRT) with split arc VMAT, and 3 field external beam

radiation therapy. In all but one case, the marker was uti-

lized to determine the size and shape of the treatment field

and to assist with patient positioning.

For those patients requiring chemotherapy prior to RT,

the presence of the marker consistently maintained the

visual cue at the surgical site which proved to be particu-

larly advantageous since these patients had little to no

remaining seroma for RT planning. As a result, we noted

the dosing and delivery of radiation in these patients was

optimally customized and delivered in a more accurate

fashion. Overall, the marker proved to be a novel method

of marking the tumor excision site and ultimately assisted

with daily patient positioning between fractions and treat-

ment planning.

Over 36 months, consistent use of the marker resulted in

an increased use of field-in-field RT planning and delivery

in our practice. Knowing that the marker had been sutured

in place by the surgeon at the tumor excision site, led to an

increased confidence when ‘‘feathering’’ or ‘‘softening’’ the

radiation dose in non-critical areas. This was done using a

shaped treatment beam fashioned with the multileaf colli-

mator on the linear accelerator. This maneuver permitted a

reduction in ‘‘hot spots’’ to areas such as the skin, chest

wall, etc. As a result, our team became increasingly com-

fortable with an advanced method of RT known as ‘‘hypo-

fractionation’’. Use of these protocols is becoming

increasingly popular, as this method decreases overall

treatment time (from 6 to 3–4 weeks) and has a number of

additional benefits including significant cost savings

[9, 30]. There is a strong interest worldwide to improve

targeting in breast RT in order to facilitate an increased use

of hypo-fractionation. As seen in Fig. 5, routine use of the

surgical marker in our practice led to an associated increase

use of hypo-fractionation, which carried with it a 25 % cost

reduction per patient treated in this fashion.

Lastly, we found the marker helpful as a guide for long-

term follow-up (Fig. 7a, b). It helped guide the radiologist

to the area of greatest interest (the tumor excision site)

without impeding visualization of the surrounding tissue.

In conclusion, this unique marker provided an effective,

straightforward means of visualizing the tumor bed during

BCS. It did not interfere with standard surgical techniques,

nor were there any device-related complications. The

implant provided a consistent and standardized method for

RT planning and long-term follow-up and resulted in a

significant reduction in planned treatment volumes facili-

tating use of hypo-fractioned RT. Importantly, when this

method of RT was used, a 25 % cost savings per patient

was noted. Future studies to quantify cosmesis and com-

parative radiation treatment volumes when using this

device are of significant interest.
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