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Background: In breast cancer treatment, marking the tumor bed is an important aspect of the surgical 
component of therapy. Clear delineation of the tumor bed allows radiation oncologists a defined target for 
planning and delivering postoperative radiation therapy (XRT). Tumor bed marking also allows radiographic 
follow-up of the tumor bed on subsequent breast imaging. The aim of this assessment is to evaluate the ease 
and feasibility of utilizing a tumor bed filament marker (VeraForm, Videra Surgical inc., USA) as a marker 
in post-operative benign surgical sites and malignant breast surgical tumor beds in breast cancer surgery. 
Methods: The filament marker is a novel radiopaque surgical filament that in lieu of clips and other 
markers is implanted in the surgical tumor bed during breast surgery. Following development of the filament 
marker, the researchers used breast phantoms and radiographic images to develop a series of geometric 
patterns of placement options that optimize comprehensive multi-plane radiographic interpretation of the 
exact tumor bed or surgical margin. Three breast surgeons at 3 separate institutions then used this filament 
as a continuous multi-plane marker in 20 patients during breast conservation surgery. In these patients, the 
filament marker was thus used to mark the tumor bed (breast cancer surgery) or surgical site (benign breast 
disease) instead of the more traditional devices such as clips or other metallic open framework devices. 
We then assessed 2 important factors related to this device; (I) the ease, feasibility, and accuracy of in vivo 
placement with oncoplastic and non-oncoplastic breast conservation surgery techniques; (II) the radiographic 
footprint this device left on standard imaging protocols of post-operative mammogram (MMG), computed 
tomography (CT) scan, breast magnetic resonance imaging (MRI) examinations, and ultrasounds (USs) for 
both routine follow-up imaging and for standard radiation planning. 
Results: There were no adverse events reported with the use of this device. The cases were then reviewed 
by a multidisciplinary team that included the original surgeon, a breast radiologist, and radiation oncologist. 
Their unanimous evaluation was that the filament marker clearly delineated all sides and planes of the 
tumor bed (cancer surgery) or surgical site (benign disease). Regardless of surgical technique utilized, this 
information provided precise 3D guidance for radiation planning and delivery as well as radiographic follow-
up. The surgeons involved reported that delineating the bed with the filament marker was a quick and easy 
procedure and did not interfere with performing the planned surgical technique. Radiologists, surgeons, 

617

https://crossmark.crossref.org/dialog/?doi=10.21037/gs.2019.10.03


610 Mitchell et al. Continuous radiopaque filament marker

© Gland Surgery. All rights reserved.   Gland Surg 2019;8(6):609-617 | http://dx.doi.org/10.21037/gs.2019.10.03

Introduction 

Tumor bed marking rationale

In the setting of breast conservation surgery (BCS), 
accurate and complete tumor bed identification for 
radiation planning and delivery to the tumor bed is an 
essential component of breast cancer treatment. Surgical 
site marking of an excisional biopsy and tumor bed marking 
of a lumpectomy site is utilized by radiologists, radiation 
therapists, and surgeons. Radiation treatment protocols 
entail identification of the tumor excision site or ‘tumor 
bed’ within the breast surgical site in order to accurately 
deliver therapy. The tumor bed changes over time (1). As 
no prior method exists to accurately and reliably mark the 
entire tumor bed in all dimension (entire length of each 
margin: anterior, posterior, superior, inferior, medial and 
lateral), radiation oncologists are left to rely on surrogates 
as best possible guesstimates for tumor bed location, shape, 
and size of the tumor bed. This may result in an increase 
in delivered radiation therapy (XRT) beyond the actual 
tumor bed location (2-9), alteration of management of a 
boost (10-12), as well as a geographic miss on one or more 
margins. Unlike many other parts of the body, the breast 
lacks internal discernable anatomic landmarks to facilitate 
accurate targeted radiation delivery or targeted radiographic 
follow-up of a surgical tumor bed. 

Effect of breast surgical technique on tumor bed 
identification

Over the last decade, the popularity of new surgical 
techniques utilized to accomplish BCS created a greater 
challenge for radiation oncologists (9) and radiologists to 

precisely identify margins. Potential surgical techniques 
range from a simple lumpectomy with superficial closure 
only; to simple lumpectomy with full thickness tumor 
bed closure directly under the overlying skin incision; to 
oncoplastic techniques involving an extended overlying skin 
incision with resulting scar (13-15) which may not necessarily 
represent the size/shape of the underlying tumor bed; to 
performing an oncoplastic BCS via a remote incision (16)  
leaving no overlying indication of where the tumor bed is; 
to utilizing a single incision and laparoscopic equipment to 
perform a quadrantectomy and axillary surgery (17); and to 
flap reconstruction in the setting of BCS which may move 
the tumor bed margins into the surrounding quadrant(s) (18).  
This variability translates into an inability to rely on the 
presence of a seroma, overlying scar, or cosmetic defect to 
predict where the tumor bed truly is. 

Traditionally utilized tumor bed markers

Traditionally utilized tumor bed markers are associated 
with an inability to accurately identify the actual tumor 
bed margins (2-12) (superior, inferior, anterior, posterior, 
medial, lateral) in their entirety as well as potential artifact. 
As a result, the necessity of utilizing multiple surrogates in 
attempts to identify the most probable location of the tumor 
bed as well as measurements of shape and size of margins 
is created. Tumor bed surrogates used to extrapolate Breast 
tumor bed location and extent have included: seroma cavity, 
surgical clips, BioZorb breast marker, fiducials, Operative 
Note, and pre-operative imaging. As described below, the 
inadequacy of these older tumor bed markers results in 
uncertainty for radiation oncologists and radiologists to 
accurately identify the tumor bed. 

and radiation oncologists found that the filament marker was not only radiographically opaque on CT and 
MMG, but also caused no significant artifact on CT, MRI, US, or MMG. 
Conclusions: The continuous multi-plane filament marker is a new device that fulfills the heretofore unmet 
need for safe and improved tumor bed and tissue site marking. It is an easy to place, non-palpable continuous 
multi-plane radiographic opaque tissue marker that seems to better delineate the tumor bed, regardless of 
type of breast surgery performed, while providing a more accurate 3D image for radiation planning and 
radiographic follow-up on MMG MRI, CT and US. 
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Seroma
A post-operative seroma may be visible in any type of BCS 
but is more consistent in appearance when only performing 
a superficial closure. A full thickness closure of the tumor 
bed typically leads to diminution of or decreased potential 
for seroma formation (16). A seroma may represent the 
tumor bed, part of the tumor bed, the entire surgical field, 
or a combination of the above. An intrinsic characteristic 
of seromas is the potential variability of changing size and 
or shape over time (9,19). Seroma and Surgical clip in 
the setting of non-Oncoplastic surgery (8) has also been 
utilized. Thus, due to the inconsistent presence, and lack of 
confidence that a seroma represents the true tumor bed, it is 
not a reliable or accurate marker. 

Surgical clips
Surgical clips are the most common tumor bed markers 
in breast surgery. They are generally available in most 
ORs, but inconsistently utilized in breast surgery cases 
(11,20). Despite being a standard in tumor bed marking, 
Yang et al. (9) report the accuracy of clips representing the 
original tumor site is debatable as they: may be displaced 
with full thickness closure of the surrounding tissue, thus 
not correlate with the true extent of the cavity; may not 
be easily visualized on portal images and only provide a 
single point of reference for a margin, leading observers to 
interpolate the border of the cavity (2,12,21-28), potentially 
contributing to inaccuracy in target delineation for XRT. 
Radiation oncologists report alterations in delivered therapy 
secondary to clip placement (11,24,27,29). 

The exact recommended placement and number of 
surgical clips for tumor bed identification with radiation 
planning varies (2,18,21-24,28,29). Clips have been 
reported to move or ‘migrate’ from their initial placement 
location (9,24,25,30-32). Clip migration was noted to be 
similar between groups of patients’ XRT 100 days (median 
53 days) from surgery to group starting afterward (median 
163 days) (31). Clip migration after conventional breast 
surgery (closing the breast superficially) in comparison to 
lumpectomy with partial breast reconstruction techniques 
(sutured cavity) may not differ significantly (31). A potential 
relationship to body mass index and clip migration may has 
also been reported (30). Surgical techniques to decrease 
potential for displacement has been described (16). 

Cl ips  present  on post-operat ive  imaging may 
represent markers for tumor bed location or evidence of 
routine surgical techniques of hemostasis or lymphatic 
ligation. Thus, due to the inconsistent presence, limited 

identification of a single point along a tumor bed wall, 
inconsistent detectability on imaging, potential for 
movement/displacement and inability to delineate the 
extent of the tumor cavity (the full length of each margin 
wall), clips are not a reliable or accurate marker. 

Fiducials
Fiducial markers have been cited as advantageous 
compared to bony landmarks for image guided partial 
breast irradiation set up accuracy (33), as well as superior 
to titanium clips placed at the surgeon’s discretion when 
placed in each of the seroma cavity walls for visualization 
of the seroma cavity. Fiducials are not generally associated 
with radiographic artifact. Carbon fiducials can accurately 
represent the location of the cavity and may translate 
to a reduced whole breast irradiation (WBI) boost to 
approximately 4 mm (34). Gold fiducial markers are, 
however, another example of providing a single reference 
point along a tumor margin, resulting in the same debatable 
accuracy in representing the original tumor site as described 
by Yang et al. (9) in regards to surgical clips. 

BioZorb 
A three-dimensional re-absorbable implantable device, 
BioZorb, containing 6 permanent titanium clips, was 
designed to create a tumor bed target, resulting in a ‘reduction 
of volume’ for XRT delivery (35,36) at the surgical bed, and 
act as a ‘scaffold’/filler (36,37). To mitigate movement seen 
by traditional clips, an absorbable scaffold was created with 
integrated clips to inhibit any immediate movement. The 
space occupying component of the device is said to eventually 
reabsorb (37). Placement technique entails utilization of a 
sizer set to choose best fit for the marker (36) from a stock 
of markers, fitting the tumor bed to the marker size/shape 
available. A smaller marker, or avoidance of utilization of 
the marker is recommended if a paucity of overlying tissue  
exists (36). Biozorb has not demonstrated value given its 
relative high cost and lack of clinical advantage scientifically 
over the use of surgical clips (38).

Methods

To meet the unfilled need of accurate tumor bed marking 
for radiation planning and delivery as well as radiographic 
follow-up, the researchers evaluated the ease and feasibility 
of utilization of the continuous multi-plane filament marker 
and its radiographic appearance on post-operative imaging 
during routine utilization by three multidisciplinary breast 
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cancer treatment teams. The filament marker assessed 
is an FDA cleared non-palpable radiopaque continuous 
multi-plane marker that is threaded into the contour of the 
tumor cavity intra-operatively. It is inherently malleable 
to any tumor bed or surgical site, allowing the surgeon to 
adapt placement to the specific procedure performed, and 
simultaneously creating a 3D planning target for radiation 
oncologists. Proof of principle of complete tumor bed 
marking (anterior, posterior, superior, inferior, lateral, 
medial margins) and adaptability to surgical technique 
performed was initially demonstrated via placing the 
filament marker into breast phantoms and subsequent 
computed tomography (CT) (Figure 1).

Within the breast phantoms, the filament marker was 
utilized in the settings of oncoplastic tissue mobilization, 
simple lumpectomy with re-approximation of surrounding 
tissue, and in a simulated seroma. Multiple patterns were 
trialed to identify configurations that were easy, facile, 
and efficient to lay out by the surgeon with minimal time 
requirement. CT’s for external beam XRT were obtained 
on the phantoms with the filament marker in place to assess 
ease and feasibility of rapid interpretation of the exact 
marked tumor bed within the surgical site and the ability to 
interpret all margins clearly (anterior, posterior, superior, 
inferior, medial, and lateral) without any discernable artifact 
(Figure 1). Once effective configurations were identified, 
ease and feasibility were further demonstrated in vivo via 
intraoperative placement during BCS and excisional biopsy 
surgeries with subsequent radiographic follow-up imaging 
on mammogram (MMG), ultrasound (US), magnetic 
resonance imaging (MRI), and CT planning for XRT using 
standard, commercially available systems. Three Breast 
Surgeons at 3 centers; Sedona Breast Center, Beth Israel 

Mt. Sinai, and Women & Infants Brown University Medical 
Center, performed routine tumor bed or surgical site 
marking with the filament marker in 20 patients undergoing 
24 BCS. Patients were consented for the utilization of 
their de-identified medical information and images for this 
assessment of ease and feasibility of the filament marker 
utilization during routine breast surgery tumor bed and 
surgical site marking and subsequent radiographic follow-
up and XRT CT planning. As this was an assessment of 
use and radiographic findings of utilization during routine 
BCS tumor bed and biopsy site marking, each surgeon 
performed BCS in their otherwise usual manner and used 
the type of BCS that is common to his or her practice. 
Furthermore, no limitations or restrictions were placed 
on the type and nature of preoperative care, incision site, 
dissection technique, resection of the lesion, surgical 
reconstruction, surgical closure, or post-operative care 
(tissue was assessed in the usual manner of each institution); 
and final surgical margins were pathologically assessed 
per institution standard. Routine post-operative imaging 
(MMG, XRT CT planning, US and MRI) were assessed for 
quality of radiographic opacity, related potential artifact, 
and complete (anterior, posterior, superior, inferior, lateral, 
and medial) margin delineation of the filament marker by 
the multidisciplinary breast team.

Statement of ethics approval

Patients gave informed consent for utilization of their de-
identified images and medical information for the purposes 
of research and education. No ethics approval was required 
for the purposes of this reporting of findings. Patients 
were consented for the utilization of their de-identified 
medical information and images for this assessment of ease 
and feasibility of the filament marker utilization during 
routine breast surgery tumor bed and surgical site marking 
and subsequent radiographic follow-up and XRT CT 
planning. As this was an assessment of use and radiographic 
findings of utilization during routine BCS tumor bed and 
biopsy site marking, each surgeon performed BCS in their 
otherwise usual manner and used the type of BCS that is 
common to his or her practice. Furthermore, no limitations 
or restrictions were placed on the type and nature of 
preoperative care, incision site, dissection technique, 
resection of the lesion, surgical reconstruction, surgical 
closure, or post-operative care (tissue was assessed in the 
usual manner of each institution); and final surgical margins 
were pathologically assessed per institution standard. 

Figure 1 Visibility of lumpectomy tumor bed marked with the 
filament marker in breast phantom on CT XRT planning. CT, 
computed tomography; XRT, radiation therapy.
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Routine post-operative imaging (MMG, XRT CT planning, 
US and MRI) were assessed for quality of radiographic 
opacity, related potential artifact, and complete (anterior, 
posterior, superior, inferior, lateral, and medial) margin 
delineation of the filament marker by the multidisciplinary 
breast team.

Results

Three Breast Surgeons at the three aforementioned multi-
disciplinary Breast Centers performed routine tumor 
bed or surgical site marking with the filament marker (24 
procedures in 20 patients) undergoing a lumpectomy (BCS) 
or excisional breast biopsy, (via simple full thickness closure, 

superficial closure, or oncoplastic technique with and 
without associated reduction mastopexy) from February–
May 2019 (Figure 2).

The filament marker was placed in single site cases, 
bilateral cases, and multiple ipsilateral site cases. In two 
cases with post-operative positive margins, the filament 
marker was utilized to identify the exact tumor bed margins, 
removed with margin re-excision and replaced at the new 
margins. The surgeons reported the following: deployment 
was facile and took approximately 4 min per tumor bed 
marking on average; ease with placement regardless of 
surgical technique; and no interference with chosen tumor 
bed or surgical site closure. Surgeons and patients reported 
a consistent non-palpable nature. Patients reported no 
complaints. No patients experienced an infection and 
no patients required removal of the filament marker. 
Radiographic follow-up images portrayed an easily visible, 
continuous multiplane marker with negligible to no artifact 
on MMG (Figure 3), CT (Figure 4), and CT planning XRT 

Figure 2 Intra-operative placement. (A) Intra-operative tumor bed marking with the filament marker utilizing a spiral configuration; (B) 
schemata of spiral configuration utilized intra-op with filament marker placement.

Figure 3 Four-week post-operative pre-XRT left breast mammogram 
of 61 years old female after left breast lumpectomy (+/+/− 1.2 cm 
invasive ductal carcinoma), tumor bed marked intra-operatively 
with the filament marker. XRT, radiation therapy.

Figure 4 Five-week post-operative CT, left breast lumpectomy 
tumor bed marked with the filament marker. CT, computed 
tomography.

A B
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planning (Figures 5,6). The filament marker was either 
negligibly or not visible on US (Figure 7) and MRI (Figure 8)  
with negligible to no artifact. The exact site and extent 
of the tumor bed was consistently easily discernable from 
surrounding or nearby post-operative surgical changes 
(Figures 3-6,9).

No issues were noted with Mammotome utilization 
when the filament marker was in place, the device was noted 

to cut right through the filament marker without incident. 
The majority of lumpectomies, oncoplastic or non-
oncoplastic, were amenable to a spiral configuration. Larger 
full thickness oncoplastic procedures without contiguous 
walls were more amenable to individual wall marking. 
Excisional biopsies may best be served with a simple stitch. 
The learning curve was minimal as surgeons routinely 
utilize sutures, needle drivers, and scissors. 

Discussion

The ideal tumor bed marker is radiopaque, continuous, 
multi-plane, inert,  non-palpable, non-absorbable, 
maintains position along the entirety of the length of each 

Figure 5 Tracing of the filament marker is reconstructed based on CT images and seen through the translucent skin rendering. (A) the 
anterior view and (B) a beams eye view with the filament marker, breast contour and projection of the lung identified. CT, computed 
tomography.

Figure 6 Five-week post-operative XRT planning CT with the 
filament marker. The color wash defines the intensity of dose 
throughout the region. Redder for higher dose and bluer for lower 
dose, but the area shown is all receiving at least the prescription 
dose. The marker is clearly visible within the region and the 
absence of significant radiation in the rest of the breast is also 
evident. This is the same patient as in Figure 4. CT, computed 
tomography; XRT, radiation therapy.

Figure 7 Post-operative ultrasound of lumpectomy site, tumor bed 
marked with the filament marker. 

BA
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margin (regardless of where that margin may be after 
reconstruction), does not create artifact, and takes up 
negligible to no measurable space so as to not impede a full 
thickness closure with or without additional oncoplastic 
techniques. 

In the absence of an accurate tumor bed marker, 
radiation oncologists are delivering an adjusted radiation 
volume to compensate for uncertainty in size, location, 
and/or shape of the actual tumor bed (9,26,28,39,40). 
The delivered volume is also currently used as a surrogate 
for attempting to measure or assess the accuracy of XRT 
(17,27,28). Traditionally available tumor bed markers entail 
single point identification of margin(s), limiting accurate 
definition of the actual true tumor bed margins. The 
filament marker allots for complete tumor bed identification 
on radiographic follow-up and CT XRT planning via an 
inherently simple and intuitive method to identify its true 
location and extent. Its adaptable nature allows marking 
in any type of breast surgical procedure without inhibiting 
or limiting procedural technique. The applicability of the 
filament marker may be particularly timely given the recent 
B39 findings demonstrating the absolute difference in  
10-yr rate of IBTR was <1% (4.8% PBI vs. 4.1% WBI); 
the risk of an RFI event was statistically significantly higher 
for PBI compared to WBI, but the absolute difference in 
10-yr RFI rate was also small (8.1% PBI vs. 6.6% WBI); 
and DDFI, OS, and DFS were not statistically different 
for PBI vs. WBI (41). The filament marker is a definitive, 
non-palpable, non-absorbable, radiopaque continuous 
multiplane marker outlining the entire length of each 
tumor border margin, resulting in easy identification of the 
true tumor bed, regardless of where the respective tumor 
bed margins may be after surgery. Radiation oncologists 
have a definitive, visible, accurate target, for planning and 
delivery of XRT (Figure 9). The decades old method of 

relying on inaccurate surrogates, resulting in potential 
increased volume of therapy to compensate for uncertainty, 
is eliminated. Utilization of the filament marker thus 
eliminates the need to rely on surrogates, decreases extra 
volume for uncertainty, and allows for precise/accurate XRT 
administration to the boost volume. Radiologists are able 
to clearly assess the actual tumor bed site on subsequent 
follow-up imaging without artifact, and with negligible to 
no risk of (marker) displacement. 

Conclusions

The fi lament marker is  a non-palpable adaptable 
radiographically opaque multi-plane tissue marker 
conformable to any breast surgical procedure. Placement 
is a simple technique requiring only a needle driver and 
scissors–readily available on every operating room table. 
Utilization affords radiologists the advantage of clear 
identification on subsequent follow-up imaging and optimal 
targeting for radiation oncologists in XRT planning, with 
resultant more precise and accurate delivery of XRT. The 
clearly defined continuous multi-plane marker placed along 
the tumor bed margins better delineates the actual tumor 
bed margins, inherently taking the guess work out of XRT 
planning and radiographic follow-up. 
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Figure 8 Six-week post-operative MRI, after left breast lumpectomy 
and right breast excisional biopsy (both sites marked the filament 
marker). MRI, magnetic resonance imaging.

Figure 9 Axial, sagittal, and coronal radiation therapy planning 
with the filament marker. CT images, 5 weeks after left breast 
lumpectomy. A wire (white arrow) is seen along the skin incision. 
Note that the seroma shadow (black arrow) overestimates 
the actual tumor bed delineated by the marker in the sagittal 
projection. CT, computed tomography.
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