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Breast conserving therapy is the primary treatment modality in early-stage breast cancer patients. Despite the develop-
ment of methods for the intraoperative assessment of tumor margins, 20-30% of patients still require re-resection due to
postoperative tumor infiltration at the surgery margins. In recent years, many methods have been developed to reduce

the number of re-resections due to margin infiltration. Here we review the current methods together with several more

techniques under investigation.
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Introduction

Breast conserving surgery (BCS) is the standard of care in
patients with early-stage breast cancer (BC) [1]. In stage  and
Il, BCS is at least as effective as a mastectomy [2]. It includes
resection of the primary breast tumor as well as diagnostic and
therapeutic axillary procedures. Then the remaining mammary
gland is irradiated. Most patients receive additional systemic
(adjuvant) therapies depending on the pathological stage of
the cancer and the biological subtype. One of the conditions
for effective breast conserving therapy is obtaining clean mar-
gins, e.g.asite free of cancer cells, after surgical tumor resection
[3]. The current definition of free surgical margins for invasive
canceris the absence of tumor cells in the surgical incision line
(no ink on tumor) [4, 51. In ductal carcinoma in situ (DCIS), it is
recommended to maintain a margin of not less than 2 mm
from the surgical incision line [5].

Due toincreasingly common screening tests and progress in
imaging diagnostics, more and more breast cancers are detected
during the preclinical phase. The early stage at diagnosis enables
the widespread use of breast conserving therapy. Progress in

adjuvant treatment — both systemic and radiotherapy — has
significantly reduced the risk of local recurrence after BCS. Cur-
rently, the ten-year recurrence risk ranges between 4 and 7%
[6]. In patients without tumor-free margins, the local recurrence
risk increases two- to three-fold; therefore radical breast tumor
resection is the main goal of conserving therapy [4, 71.

The intraoperative assessment of surgical margins remains
achallenge for conserving therapy. Despite significant progress
in this area, in 20-30% of cases the final histopathological
examination still indicates the presence of cancer cells in the
surgical incision line [3, 7]. This results in reoperation — a local
scar excision or mastectomy, which in turn extends the treat-
ment duration, adversely affect the aesthetic effect, increasing
the patient’s stress and anxiety levels, and exacerbating the
total treatment costs. Reoperation rates are higher for DCIS
and breast invasive ductal carcinoma coexisting with ductal
carcinoma in situ (IDC-DCIS), accounting for 46% and 45%,
respectively [8, 9]. Therefore, the use of sufficiently sensitive
and specific methods of intraoperative assessment of resection
margins is very important. None of the methods currently used
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are ideal, and research is ongoing to evaluate the different ap-
proaches.In the following sections we will present the available
methods that increase the effectiveness of conserving therapy
by reducing the rate of microscopic irradicality resulting in the
need for reoperation.

Surgical methods

Intraoperative gross clinical evaluation of the
lumpectomy specimen

This technique consists of an intraoperative clinical evaluation
of the removed specimen and the resection bed to establish
possible indications for extended resection. During the opera-
tion, the surgeon palpates the resected part of the breast and
assesses the margins macroscopically. The surgeon assesses
the tissue of the tumor bed and feels around for any suspicious
lumps. The advantages of this procedure include its simplicity
and relatively short duration; however, the sensitivity and spe-
cificity is low (<70%), which significantly limits its usefulness
in reducing the need for reoperation 3, 10].

Routine resection of cavity shave margins (CSM)
During the operation, the surgeon, after tumor resection, col-
lects four, and if the preparation does not reach the skin and
pectoral fascia, even six additional samples corresponding to
the upper, lateral, medial and lower margins, and possibly the
anterior (on the skin side) and the posterior (on the pectoral
fascia side) [11]. Each of these tissue samples should be about
1 cm thick. Two meta-analyzes, comparing wide excision alone
versus tumor excision with CSM, showed that routine use of
the CSM significantly reduced the reoperation rate for margins
infiltrations from 32% to 16% and from 31% to 12%, respecti-
vely [12, 13]. The size of the total part of breast removed in the
CSM group is greater than in the group without CSM; however,
according to the cited meta-analyzes, this does not affect the
postoperative aesthetic effect [12, 13]. On the contrary, there
are single analyzes available that negate the beneficial effect
of routinely used CSM in reducing reoperation rates [14].

Microscopic method

Frozen section analysis (FSA)

After processing, freezing and staining, the removed specimen
is subjected to an intraoperative histopathological evaluation.
This method requires transport of preparation to the histo-
pathological laboratory and its preparation while the patient
remains under anesthesia. This increases surgery duration by an
average of 15-30 minutes [15, 16]. Ad hoc margin assessment
does not completely eliminate the reoperations due to non-
-clean margins, although it can significantly reduce their rates
even from 35% to 10% [15-17]. The sensitivity of this method
ranges from 65% to 83% and the specificity exceeds 90%
[15, 16]. Sensitivity decreases in DCIS, as well as when surgery
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is preceded by systemic treatment [17]. In some cases, tissue
freezing may cause its damage and artifacts that hinder or pre-
vent post-operative histopathological margin assessment.

Ad hoc macroscopic margin assessment (MMA)

In this method, the margin of the specimen removed is asses-
sed macroscopically and intraoperatively by a pathologist, after
marking the edges with ink. If any of the margins is smaller
than 10 mm, then itis simultaneously excised as an additional,
extended margin. This procedure allows a reduction in the re-
-excision rate compared to surgery alone, from 34% to 26% [7].

Touch imprint cytology/preparation

This can be an alternative to the intraoperative margin asses-
sment using FSA. This method is based on the increased ability
of cancer cells to adhere to glass surfaces as opposed to fat
cells [15]. During surgery, each margin of the removed speci-
men is pressed against a glass plate. The obtained cytological
preparations are assessed by a pathologist. The advantage of
this method compared to FSA is no consumption of tissue
material and shorter evaluation time [15]. Additionally, the
assessed impression captures the entire surface of the speci-
men (the entire margin), and not only selected areas [15, 18].
The sensitivity and specificity of this method is comparable
to FSA and account for up to 72% and 97%, respectively [15].
However, cauterization (thermal damage) or drying of the
margins can lead to false results in the cytological evaluation.
For this reason, it is necessary to cooperate with a pathologist
who has extensive experience in cytological assessment. It is
worth noting that there are attempts to automate this asses-
sment method [18].

Radiological methods

Two-dimensional 2D mammography specimen
After resection of part of the breast, an X-ray of the removed
preparation is made. It allows to determine whether the tar-
get lesion has been removed and to assess the width of the
radiological resection margins. Two images should be taken
in perpendicular planes. This procedure is considered the gold
standard in most cancer centers, and is also in line with the
Polish Society of Oncological Surgery recommendations [19].
The advantages of this method include the relatively low
complexity, and the availability and existing experience of
radiologists. Thanks to standard mammography performed
as part of preoperative diagnosis, it is possible to compare
theimages of the removed preparation with the preoperative
ones. Thanks to the appropriate mammographic chambers,
the intraoperative mammographic evaluation of removed
tissue can also be performed directly in the operating room.
This not only significantly reduces the rate of reoperations due
toinfiltrated margins, but also shortens the total procedure du-
ration [20]. There is some criticism of specimen mammography



usefulness as an ineffective method of margins assessment,
while emphasizing its high value in confirming the removal
of the target lesion [21, 22]. The method allows for a reduction
in the volume of the resected breast in the case of palpable
lesions, which results in a better aesthetic effect [20]. It should
be added that the accuracy of the mammographic margin
assessment is significantly lower in the case of pre-invasive
and lobular carcinomas [23].

Digital breast tomosynthesis (DBT)

DBT consists of taking a series of digital X-ray images of the
preparation at different angles; from these photos a three-di-
mensional (3D) image is reconstructed (synthesized). Tomosyn-
thesis improves assessment sensitivity by about 8% compared
to conventional 2D imaging [24]. Assessment with this method
is quick and requires little contribution of the support staff.
The images obtained can be assessed in the operating room
by the operating surgeon or sent for radiological evaluation.
Using this imaging method, it is possible to verify the positive
resection margins with a sensitivity of 77% and a specificity of
98% [25]. In traditional mammography, the spatial image of the
removed specimen is compressed into one flat image, which
can result in a misassessment of the margins. Tomosynthesis
enables evaluation of the entire resected specimen in 1 mm
slices, which significantly reduces the risk of error [24, 26].

Ultrasound of the removed part of breast

An intraoperative ultrasound examination enables the loca-
lization and precise resection of palpable and nonpalpable
breast masses. In the case of palpable lesions, an ultrasound
allows better margin control compared to removal only under
palpation, reducing the re-resection rate from 17% to 6% [27].
The volume of the removed preparation is also smaller, which
may translate into better aesthetic effects [28]. In the case of
nonpalpable lesions, the use of an intraoperative ultrasound
with a high-frequency linear probe in combination with gross
clinical evaluation in 223 patients allowed to obtain a precise
lesion visualization in 99.6% of cases and to reduce the need
for reoperation due to infiltrated margins to levels as low as
4% [28].

The challenges in using this method include invisible or
poorly visible lesions on the ultrasonography (microcalcifica-
tions, small lesions in adipose tissue), as well as difficulties in
visualizing pre-invasive cancer, or pre-invasive components
around invasive cancer. In contrast, the assessment of lesions
in breast glandular tissue may be better than using X-ray me-
thods [29]. However, this requires the surgeon to be skilled in
using ultrasound and the availability of high-class ultrasound
machines in the operating theater.

Micro CT
The principle of operation is the same as in the case of co-
nventional computed tomography, however, higher resolu-

tion is necessary. CT enables a spatial analysis of the remo-
ved specimen to be performed in order to assess resection
margins, which eliminates the limitations of conventional 2D
mammography. The studies conducted so far in a small gro-
up of patients show the possibility of reducing the need for
reoperation from 31% to 14%, however, they do not allow for
an unequivocal assessment of the usefulness of this method in
reducing the positive margins after conserving surgeries [30].
Furthermore, despite the higher resolution and high contrast
between soft tissues, it is still difficult to distinguish between
fibroglandular breast tissue and a tumor, which results in a low
sensitivity of 56-60% [30, 31].

Magnetic resonance imaging (MRI)

The advantage of MRI in the intraoperative assessment of
a resected breast is the high possibility of differentiating soft
tissues on the obtained images. The sensitivity of the cancer
extent assessment in the resected specimen may reach up
t0 93% [32]. Due to the high spatial resolution, attempts are
made to assess the lesions by a pathologist based on magnetic
resonance images, which would eliminate the need to process
and fix histopathological preparations. So far, the accuracy of
this assessment is unsatisfactory (distinguishing a malignant
from a benign lesion in 57% of cases) [33]. Until recently, the
time needed to obtain images, the need for pre-operative
contrast administration and the size of the entire system were
a serious limitation in the intraoperative use of this method.
Lately, mobile MRI scanners have become available that do
not require additional covers and enable developing satisfac-
tory images without enhancing contrast. In a study involving
22 patients, a sensitivity of 91% and a specificity of 93% were
achieved in distinguishing malignant from healthy tissues in
the resected breast [32].

Electromagnetic methods

Radiofrequency spectroscopy

Radio waves emitted by the probe are absorbed, scattered and
reflected differently by healthy and cancerous tissues. This is
dueto the lower electric potential of the tumor cell membrane
compared to a normal cell, less mutual adhesion of tumor cells,
greater vascularization of tumor tissues and the different mor-
phology of the tumor cell nucleus. Due to these phenomena,
the device emitting radiofrequency waves can distinguish
between neoplastic and normal tissues. The transducer should
be placed on the surface of the removed specimen. A positive
reading indicates the presence of cancer cells to a depth of
1 mm from the edge of the specimen and obliges the surgeon
to extent resection margin [34]. It is recommended to use the
device in conjunction with standard techniques for imaging
the removed tissue (mammography). Device sensitivity in the
studies was estimated at 75-76% with a specificity of 46%.The
researchers emphasize that the device is not an ideal solution
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to the margins issue in BSC, but itis a considerable help, signi-
ficantly reducing reoperation rates [35].

Bioimpedance spectroscopy
In a clinical setting, mobile, handheld devices are used; their
principle of operation in margin assessment is based on the
spectroscopic analysis of tissue impedance (the phenomenon
of different dielectric properties of normal and neoplastic
tissues is used). Due to different cell morphology, increased
vascularization and mutual adherence of cells, neoplastic tissue
has a lower impedance as well as higher conductivity and
electrical permeability compared to healthy tissues. The tech-
nique is fast (the turnaround time is about 5 minutes) and
does not require tissue damage (e.g. cutting and fixing). Limi-
tations include the possibility of false results in inflammatory
tissues, which bioimpedance may be similar to neoplastic
tissues. In the analysis performed by Dixon et al,, the need for
reoperation due to infiltrated margins was reduced from 37%
to 17%, and after gaining more experience in using the devi-
ce, even up to 9% of patients undergoing surgery compared
to intraoperative margin assessment using a 2D radiograph
[36]. One of the advantages of this device is its usefulness in
assessing resection margins for both invasive and DCIS cancer
and other atypical proliferative lesions [36].

[t should be mentioned that a device operating on a similar
principle was developed in 2017 in Wroclaw by M. Rzaca et al.
and is currently under study [37].

Optical methods

Optical coherence tomography (OCT)

This method uses infrared radiation and the phenomenon that
cancer cells scatter waves differently. Cancer cells, due to the
larger nucleus, higher cytosol density, and lower nuclear to
cytoplasmic ratio, have greater capacity to scatter and reflect of
electromagnetic waves compared to normal cells. The emitted
and reflected radiation is captured by the detector and based
on this the image is formed [38]. Since infrared permeability
into the tissues reaches about 2 mm, this method is very
promising in the margin assessment of the resected breast.
In the first studies comparing this method with postoperative
histopathological assessment, the sensitivity and specificity of
optical tomography was 91.7% and 92.1%, respectively [39].
However, in subsequent clinical trials, much lower sensitivity
and specificity was obtained, e.g. 55-65% and 68-70%, re-
spectively [40].

Photoacoustic tomography

The method, currently being evaluated in preclinical studies,
consists of treating the examined tissue with laser pulses.
The laser energy is partially reflected and radiated in the form
of ultrasound waves detected by a suitable detector. The laser
pulses penetrate into the tissue up to 3 mm deep. The differen-
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cein ultrasound wave frequency depends on the hemoglobin
level and fat content in the tissues. So far, attempts to use this
method concern only very small tissue surfaces and it performs
wellin fatty fragments, and much worse in glandular tissue [41].

Fluorescence imaging

There have been some attempts to use fluorescence for ima-
ging and assessment of resection margins. These methods re-
quire dye administration (e.g., methylene blue orindocyanine
green) prior to surgery. Thanks to the faster “washing out” of
the dye from healthy cells and its longer retention in cancer
cells, it is possible to assess (in infrared) whether there is dye
accumulation in the resection margin [42]. Attempts are also
being made to combine a dye (fluorophore) with a targeted
antibody, such as an antibody binding to a vascular endothelial
growth factor (VEGF), to increase the dye concentration in the
tumor [43]. The limitation of this method, which is still under
investigation, is the need to administer the substance before
surgery and the fact that the currently used fluorophores are
not selectively retained in breast tissues.

Microscopy with ultraviolet surface excitation
(MUSE)

This method, currently being evaluated in preclinical studies,
is based on stimulation of fluorophores by ultraviolet radiation
falling on the surface. Ultraviolet radiation does not penetrate
deeply and therefore has limited utility for assessing deeper
layers of tissues. Assessing resection margins in DCIS can be
problematic, but in the case of margins in invasive cancer, it
is sufficient, according to the accepted consensus no ink on
the tumor. MUSE seems to be a promising technique. An ad-
ditional advantage of this method is that it does not damage
tissues [44].

Hybrid methods

The combination of different methods of assessing the re-
sected breast would make it possible to use the advanta-
ges of each of them, while partially compensating for their
disadvantages. For example, radiological methods are very
accurate when it comes to confirming complete resection,
while spectroscopic or optical methods assess the surface
of the resected breast with high accuracy, i.e. an infiltration-
-free resection margin. An example of such a hybrid system is
mammography of a resected breast combined with a spectro-
scopy using electromagnetic waves. Mammography confirms
the removal of a neoplastic lesion with high accuracy, while
a spectroscopy assesses whether the margins of a resected
specimen are free of cancer cells. The combination of these
two assessments reduces the need for reoperation by up to
50% [45, 46]. Another hybrid approach is a device combining
photoacoustic tomography with ultrasonography. The study
on a small group of patients showed very high (100%) sensi-
tivity and high specificity in margin assessment [45].



Other methods

Intelligent knife

This technique analyzes the smoke produced by the electro-
coagulation used to resect the specimen. Cell damage du-
ring the use of surgical diathermy results in the evaporation
of their contents and transformation into an aerosol state.
Using smoke spectrometric analysis and having established
smoke models when cutting normal tissue and neoplastic
tissue, it is possible to assess whether the cut is performed
within normal or neoplastic tissues. Preliminary studies show
a sensitivity of 77% with a very low number of false positive
results [46, 47].

Nuclear medicine

The use of positron emission tomography (PET) to assess the
margins of a resected breast in clinical practice is currently not
possible, taking into account the availability and complexity of
the apparatus. However, there have been attempts involving
preoperative administration of 18-fluorodeoxyglucose for the
intraoperative evaluation of sentinel node and the margins of
the resected breast. The unique evaluation which was carried
outin two patients showed the high sensitivity and specificity
of this method, however, the small number of patients makes
it impossible to draw definitive conclusions regarding the
effectiveness in resection margin assessment [48].

Conclusions
Numerous techniques have been developed for the intraope-
rative assessment of resection margins, which can significantly
reduce reoperation rates. Some of these methods, however,
are time and labor-intensive as well as expensive and with
difficult access, which prevents their use in daily clinical prac-
tice in most centers. At the same time, intraoperative margin
assessment according to the standard of care is necessary in
every center specializing in the management of BC patients.
The procedure still in force in Poland is the intraoperative
mammographic evaluation of the resected part of the breast.
Intraoperative ultrasound, tomosynthesis and microtomo-
graphy are increasingly used. Some centers use ad hoc histo-
pathological margin assessment, although this is associated
with a significant extension of the total procedure duration.
Spectroscopic techniques are noteworthy due to their short
evaluation time and simple operation. In combination with
standard imaging techniques — mammography, ultrasound
— they can be a significant help in margin assessment in the
future. Other methods, as promising as they are, are not yet
developed enough to be used as a standard of care.
However, it is important that each breast cancer center
monitors the rate of re-resections due to margin infiltration,
ensuring every effort is made to reduce it. A standard of care
in the intraoperative evaluation of the preparation should be
developed based on the Polish Society of Oncological Surgery

recommendations and, depending on the availability of addi-
tional methods, should be systematically improved. The key to
success is an accurate preoperative diagnosis, precise marking
of malignant lesion and a refined method of intraoperative
margin assessment [49].
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