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Summary
Background: Significant re-excision rates in breast-conserving surgery (BCS) after neoadjuvant systemic chemotherapy may result from difficulties in defining the surgical target particularly in cases with excellent treatment
response. Devices allowing an exact topographic localisation of the lesion in the resected tissue could reduce
re-excision rates by optimising the intraoperative detection of involved margins. Methods: 80 patients with invasive breast cancer receiving BCS after neoadjuvant
chemotherapy were included in this non-randomized
case-control study. 40 patients with specimen radiography performed in a standard approach (control group)
were compared to 40 patients with use of a radiopaque
tissue transfer system (study group). Results: 19/80
(23.75%) patients required re-excision because of involved margins; among those, 14/40 (35%) were in the
control group and 5/40 (12.5%) in the study group. The
association between the use of the radiopaque tissue
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transfer system and the lower re-excision rate was statistically significant (p = 0.023). Conclusion: Our analysis
provides a rationale for the routine use of a radiopaque
tissue transfer system for specimen radiography in BCS
after neoadjuvant chemotherapy for invasive breast cancer in order to reduce re-excision rates.
© 2018 S. Karger GmbH, Freiburg

Introduction
Breast conserving surgery (BCS) is a standard of care in the
treatment of early breast cancer. There is a strong body of evidence
from randomised trials supporting equivalent survival outcomes
for mastectomy versus BCS plus radiotherapy in early breast cancer patients [1–3]. The basic principle of BCS is the complete removal of the tumour, preserving normal breast tissue with an acceptable cosmetic result. Negative margins are an essential component in this concept.
Historically, BCS has been commonly associated with high reexcision rates due to lack of guidelines to define optimal margin
width. Achieving histopathologically negative margins is essential
as it is one of the predictive factors for minimizing the risk of local
recurrence. Positive resection margins may lead to unavoidable
second surgery to re-excise margins or even to mastectomy. Published re-excision rates after BCS for invasive breast cancer vary
between 10 and 50% [4–7]. Re-excision for positive margins in-
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Table 1. Patient characteristics

Tumour size prior to neoadjuvant
chemotherapy, mm
Residual ductal carcinoma in situ (DCIS)
only, n
Residual DCIS and invasive tumour, n
Residual invasive tumour only, n

creases medical cost due to the second operation and affects patients in many ways including undergoing another general anaesthesia, the general risks of every surgery, and a possible loss of confidence in a successful treatment. Furthermore, it may delay the
start of adjuvant treatment and yield an unsatisfactory cosmetic
outcome. The 2014 Society of Surgical Oncology-American Society
for Radiation Oncology guidelines defined no tumour on ink as the
standard for an adequate margin in invasive breast cancer. This
definition is associated with low rates of ipsilateral breast tumour
recurrence and has the potential to reduce second surgery or reexcision rates whilst improving cosmetic outcomes and decrease
healthcare costs [8].
Neoadjuvant systemic therapy (NAST) represents a standard of
care not only for inoperable or locally advanced breast cancers but
also for smaller operable tumours. It is an option for all patients in
whom systemic therapy is definitely indicated at the time of diagnosis with the goal of improving disease-free and overall survival
[9] by potentially allowing response-guided treatment by in-vivo
observation of chemotherapy sensitivity in an individual case. Regimens used in the neoadjuvant setting are usually the same as in
adjuvant therapy.
Use of chemotherapy and especially neoadjuvant chemotherapy
in HER2-positive and triple-negative breast cancer is common
clinical practice, but patients with high-risk hormone receptorpositive HER2-negative disease with tumours showing a high proliferation rate or further risk factors such as grade 3 or high-risk
classification based on a multigene assay may benefit from cytotoxic therapy and are therefore also potential candidates for neoadjuvant chemotherapy [10]. Achieving a pathologic complete response (pCR) is considered to indicate a favourable prognosis [11].
This has led to an increased use of NAST before breast surgery.
The intraoperative assessment of margins is a useful tool to avoid
re-excision but remains challenging after NAST especially in patients with good response. Potential methods of intraoperative assessment of margins such as intraoperative frozen section, intraoperative specimen ultrasound, and intraoperative specimen radiography all have in common that they are aimed at a reduction in re-excision rates. In specimen radiography, defining the exact location of
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involved margins is often difficult due to the fact that standard approaches only include radiography in 2 planes and therefore no information can be obtained regarding the 3-dimensional topography
of the specimen. Devices allowing for horizontal and vertical examination and an exact topographic localisation of the lesion in the resected tissue could reduce re-excision rates via intraoperative detection and exact 3-dimensional localisation of involved margins. Here
we present the results of a case-control study comparing re-excision
rates after NAST using a standard specimen radiography versus a
device allowing 3-dimensional radiography and exact topographic
and reproducible localisation of the residual lesion.

Material and Methods
Patient Population
A total of 80 patients with invasive breast cancer receiving BCS after neoadjuvant chemotherapy and with an indication for wire marking by mammography
were included in this analysis. We identified 320 consecutive patients with wire
marking by mammography in our database between February 2013 and January
2017. 77 patients were excluded from the analysis because they were operated on
for benign disease or non-invasive breast cancer. From the remaining 243 patients
with invasive breast cancer, 163 were excluded because they received primary surgery and no neoadjuvant chemotherapy, had participated in clinical studies and
had received investigational drugs, or had achieved a pCR. Of the remaining 80
patients, 40 were treated before the use of the KlinitrayTM device (Faxitron, Tucson, AZ, USA) in our centre in April 2015 and 40 after that time point. The local
ethics committee approved of the retrospective analysis on February 1, 2017. All
tumours were marked with titanium clips prior to chemotherapy.
Intervention
In 40 patients, specimen radiography was performed in a standard approach
(control group), and in 40 patients, a tissue transfer and X-ray system based on a
non-radiopaque board with radiopaque topographic markers and a stand for
cranio-caudal X-rays (Klinitray, fig. 1) was used (study group). Tumour size in
mm prior to NAST was compared using the t-test. Categorical variables of residual ductal carcinoma in situ (DCIS) only, residual DCIS and invasive residual tumour, and residual invasive tumour only were compared using the chi-square
and Fisher’s exact test. A univariate analysis was carried out to evaluate the association between the use of the radiopaque tissue transfer system and the re-excision rate using a logistic regression model. Calculations were performed using the
XLSTAT Biomed Software, version 19.03 (Addinsoft, New York, NY, USA).

Results
The study groups were well balanced. Mean age was 61 years
(range 34–82 years) in the control group and 58 years (range 35–80
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Fig. 1. KlinitrayTM.

Klinitray
(n = 40)

Fig. 2. Re-excision rates.
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Fig. 3. Specimen radiography mediolateral (ML)
projection control group.
Fig. 4. Specimen radiography craniocaudal (CC)
projection control group.
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Fig. 5. Specimen radiography craniocaudal (CC) projection study group.
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years) in the study group. Neoadjuvant chemotherapy was different
according to tumour biology. Hormone receptor-positive HER2/
neu-negative patients received 4 cycles of epirubicin and cyclophosphamide every 3 weeks (q3w) followed by 12 cycles of paclitaxel
q1w during the course of the analysis. HER2/neu-positive patients
received 6 cycles of docetaxel, carboplatin, and trastuzumab q3w
until May 2015; from June 2015, pertuzumab q3w was added to this
regimen. Triple-negative patients received 4 cycles of epirubicin
and cyclophosphamide q3w followed by 12 cycles of paclitaxel q1w
until December 2015, since January 2016 carboplatin q1w was
added. Patient characteristics relevant for this analysis are shown in
table 1. 19/80 (23.75%) patients required re-excision because of involved margins; among those, 14/40 (35%) were in the control
group and 5/40 (12.5%) in the study group (fig. 2). The association
between the use of the radiopaque tissue transfer system and the
lower re-excision rate was statistically significant (p = 0.023). The
different visualization of the specimen in the control group and the
study group using the Klinitray is shown in figures 3–7.
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Fig. 6. Specimen radiography oblique projection
study group.
Fig. 7. Specimen radiography mediolateral (ML)
projection study group.

NAST in breast cancer has traditionally been used in locally advanced cases in order to allow BCS. During the last decade, the
rates of NAST have steadily increased since it is increasingly regarded as representing the standard of care in cases in whom an
indication for adjuvant chemotherapy is evident at the time of diagnosis [12]. As in every systemic treatment, this approach is
aimed at achieving local control and increasing overall survival. A
recent meta-analysis by the Early Breast Cancer Trialists’ Collaborative Group (EBCTG) including 4,756 women from 10 randomized trials in early breast cancer found that NAST was associated with a higher local recurrence rate than adjuvant chemotherapy: the 15-year local recurrence was 21.4% for NAST versus 15.9%
for adjuvant chemotherapy (increase by 5.5%, 95% confidence interval (CI) 2.4–8.6; rate ratio 1.37, 95% CI 1.17–1.61; p = 0. 0001).
Interestingly, the higher local recurrence was not significantly associated with distant recurrence and breast cancer mortality [13].
It remains questionable whether the results of this meta-analysis
apply to the current situation because only trials with a follow-up
of 15 years were included, thus representing the treatment paradigm on the threshold of the new millennium when only patients
with locally advanced tumours were candidates for NAST, whereas
currently the indication for NAST is usually based on tumour biology and not on clinical tumour stage. Furthermore, not all patients
underwent surgery, instead some were treated with radiotherapy
alone.
Achieving negative margins during only 1 surgical procedure
may be more challenging after compared to before NAST. Study
results regarding this subject vary. In a retrospective study, a similar re-excision rate was reported comparing patients undergoing
primary surgery and patients after NAST (35.6% in NAST group
vs. 35.6% in non-neoadjuvant group; p = 1.000) [14]. This result
was in line with another analysis demonstrating a similar incidence
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of positive margins after NAST and primary surgical treatment
[15]. A third study reported that only 6% in the NAST group had
positive margins and required re-excision compared to 37% in the
surgery first group (p < 0.01) [16]. However, the analysis of a large
cohort of 9,901 patients observed 10.2% involved margins in primary surgery patients and 24.3% involved margins after NAST.
The adjusted odds ratio for involved margins after NAST was 2.94,
translating into a 3 times higher risk of involved margins compared
to primary surgery [17].
Theoretically, local recurrence rates could be influenced by the
presence of DCIS not responding to cytotoxic chemotherapy. Furthermore, not all tumours show a concentric shrinkage, instead response may also result in a disseminated tumour pattern in the
breast. Both residual DCIS and disseminated tumour are challenging to the goal of complete excision of the tumour as they are neither palpable nor easily detectable with techniques of intraoperative imaging [18].
However, clear margins remain a major prognostic factor. In 34
studies reviewed for margin status and local recurrence, persistent
microscopically inadequate (R1) or macroscopically inadequate
(R2) surgical margins were highly significant for local recurrence
compared with negative margins (p = 0.0001), depicting the relevance of margin status to local control after BCS [19]. An informative intraoperative assessment of margins is crucial to reduce the
risk of local recurrence. Although failure to excise adequate margins during the first operation may be rectified by re-excision, this
can affect patients in many ways including higher rates of wound
infection and additional risks of surgery and general anaesthesia
and increases the overall costs of treatment.
One of the most common imaging techniques for surgical specimen evaluation and assessment of adequate margins is standard
specimen radiography. However, the diagnostic performance of
standard specimen radiography varies widely, with sensitivity
ranging from 30 to 66% [20–22]. In a retrospective study, standard
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Discussion

Re-Excision Rates in BCT after NAT

of USD 18.8 million in healthcare costs per year through reoperations for positive margins in BCS in the United States. This calculation only included surgical costs for reoperations and excluded the
costs of surgical complications after repeated surgery, thus potentially underestimating the possible savings achievable by avoiding
reoperations for positive margins [38].
In our study, we could demonstrate a significant reduction in
re-excision rates by 35% using a radiopaque tissue transfer system.
In our analysis, neoadjuvant regimens included more agents in the
study group in triple-negative and HER2/neu-positive breast cancer cases, but due to the fact that we excluded patients with pCR
and given the purely technical focus of our investigation, we are
confident that this did not influence our results. Furthermore, we
are aware that the rather small sample size and the retrospective
study design are limitations of our study. Despite these limitations,
we believe our results to be clinically meaningful. The radiopaque
tissue transfer system Klinitray is allowing identification of target
lesions and margins in 2 orthogonal views with millimetre precision and is in compliance with international guidelines such as the
National Health Service Breast Screening Programme (NHSBSP)
[39]. The device is not only technically easy to handle but via integrated comprehensive markings also allows exact topographic localisation of the specimen. Importantly, the device does not require
a special mammography unit but is compliant with mammography
units already in use at our institution. Costs of little over EUR 20
per device are discriminating the Klinitray from the bio-impedance
spectroscopy devices mentioned above.

Conclusion
Our analysis provides a rationale for the use of a radiopaque tissue transfer system for specimen radiography in BCS after neoadjuvant chemotherapy for invasive breast cancer in order to reduce
re-excision rates. Based on these results, we are planning a study
including also patients receiving primary surgery.
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radiologic specimen examination did not improve the rates of histologically clear margins, especially not in non-palpable in situ carcinoma [23]. In another retrospective analysis, specimen radiography proved to be reliable in identifying the target lesion; however,
margin orientation compared to final pathology was far less reliable [24]. In contrast, specimen radiography in 2 orthogonal views
and with direct magnification was reported to be reliable in identifying clear margins with a positive predictive value of 74% and a
negative predictive value of 81% [21]. Another study using 2-view
specimen mammography demonstrated a reduced reoperation rate
of 5% compared to 12% by identifying patients requiring additional margin excision at the time of initial surgery during BCS
[25].
Intraoperative digital specimen radiography is another widely
used approach to assess resection margins during BCS. The mammography device is placed adjacent to or even in the operating
theatre, thus reducing transportation time and facilitating a cooperative assessment by the surgeon and the radiologist. Compared
to standard specimen radiography, intraoperative digital specimen
radiography significantly reduces interpretation times and increases accurate identification of the target, resulting in decreased
healthcare costs due to shorter operation times [26]. Additionally,
intraoperative digital specimen radiography improves the organisation of the intraoperative workflow and the management of
human resources [27] and leads to fewer positive margins after
BCS [28].
Intraoperative specimen ultrasound is another technique improving the achievement of acceptable margins during BCS. Positive margin rates of between 3 and 11% have been reported for this
approach [29–32]. However, intraoperative specimen ultrasound is
only applicable in the case of lesions detectable by ultrasound, thus
excluding microcalcifications and the majority of DCIS.
Radio-guided occult lesion localisation (ROLL) identifying the
target lesion marked with a radioactive seed with a gamma probe
has gained popularity over the past 20 years as the smaller volume
of the specimen results in better cosmetic outcomes compared to
wire-guided localisation, and, additionally, the rate of positive
margins is significantly reduced [33, 34]. However, this technique
does not allow intraoperative assessment of margins, focussing instead on the identification of the target.
Lately, new devices for intraoperative margin assessment have
been introduced. ClearEdgeTM (LS BioPath, Saratoga, CA, USA) is
able to identify abnormal tissue including invasive cancer, DCIS,
lobular carcinoma in situ, and atypical proliferative breast disease
by bio-impedance spectroscopy, resulting in a re-excision rate of
7% [35]. MarginProbeTM (Dune Medical Devices, Alpharetta, GA,
USA), another device using the same principle, was reported to result in a reduction in reoperation rates by 56% [36, 37].
Summarizing the data published to date, it is clear that optimal
approaches to achieve clear margins in BCS remain a major scientific concern, especially after neoadjuvant therapy. Re-excision
rates do not only have an impact on cosmetic outcome and affect
patients psychologically but also increase healthcare costs. A cost
analysis using Medicare reimbursement rates reported an increase
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