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Objective: To compare standard specimen mammog-
raphy (SSM) with remote intraoperative specimen
mammography (ISM) assessment in breast conserving-
surgery (BCS) based on operative times, intraoperative
additional excision (IAE) and re-intervention rates.
Methods and materials: We retrospectively compared
129 consecutive patients (136 lesions) who had BCS with
SSM at our centre between 11/2011 and 02/2013 with 138
consecutive patients (144 lesions) who underwent BCS
with ISM between 08/2014 and 02/2015.

SSM or ISM were performed to confirm the target lesions
within the excised specimen and margin adequacy.
The utility of SMM and ISM was evaluated considering
pathology as gold-standard, using xz or Fisher’s exact
tests for comparison of categorical variables, and non-
parametric Mann-Whitney test for continuous variables.
Results: The two groups did not statistically differ for
age (p = 0.20), lesion size (p = 0.29) and morphology (p

=0.82) or tumor histology type (p = 0.65). Intraoperative
time was significantly longer (p < 0.0000T1) for SSM (132
+ 43 min) than for ISM (90 = 42min). The proportions
requiring IAE did not significantly differ between SSM
group (39/136 lesions (40%)) and ISM group (52/144
lesions (57%)) (p = 0.19), overall and in stratified anal-
ysis by mammographic features. Re-intervention rates
were not statistically different between the two groups
[SSM:19/136 (14%), ISM:13/144 (9%); p = 0.27].
Conclusion: The introduction of ISM in BCS signifi-
cantly reduced surgical time but did not change IAE and
re-intervention rates, highlighting facilitated communi-
cation between surgeons and radiologists.

Advances in knowledge: Compared to standard
mammodgraphy imaging, the use of ISM significantly
reduced surgical time.
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INTRODUCTION

Breast cancer is the most frequent tumor in females worldwide.
Since non-palpable breast cancer is frequently diagnosed through
screening services"” and given equivalent survival outcomes for
mastectomy and breast conserving surgery (BCS) in early-stage
breast cancer, BCS is generally the preferred treatment in these
patients.>*The main objective of BCS is the complete removal of
cancer with clear surgical margins, the latter being a prognostic
factor for tumor recurrence,”’ in balance with the best possible
aesthetic outcome.

Re-excision is a possible further procedure to obtain negative
margins in patients with positive margins after BCS. An addi-
tional operative intervention submits the patient to increased
treatment burden including risk of anesthesia, increased surgical
complications, in addition to increased healthcare costs.*™*°

For these reasons, obtaining negative tumor margins during
initial BCS is important to reduce the risk of local recurrence,
whilst also avoiding unnecessary re-operations.”!!

Specimen radiography using digital mammography is used
to document excision of the targeted lesion but is also one of
the strategies used for intraoperative resection margin deter-
mination during BCS. When removing non-palpable lesions,
an X-ray evaluation of the specimen using two projections can
confirm whether the tumor has been adequately excised without
apparent involvement of margins, and if not, further tissue may
be promptly excised by the surgeon to potentially avoid a further
operation.'? This evaluation is usually completed by physically
transporting the specimen to the Radiology unit to perform a
standard specimen mammography (SSM). Since this procedure
is time consuming, an alternative technique, intraoperative spec-
imen mammography (ISM), has emerged: specimen mammog-
raphy is performed in the surgical block by the surgeon using
an automatic small device and images are remotely evaluated by
the radiologist via PACS (picture archiving and communication
system, with an expected reduction in intraoperative time.'®

The aim of this study was to investigate the utility of ISM
compared to SSM for the assessment of resection margins in BCS
of non-palpable breast cancer. In particular, we compared ISM
and SSM based on: (1) operative times, (2) intraoperative addi-
tional excision (IAE) and (3) re-intervention rates.

METHODS AND MATERIALS

Study design and population

We performed a retrospective study of patients who underwent
BCS at our at our Breast Unit, A.O.U. Citta' della Salute e della
Scienza di Torino before and after the introduction of ISM in our
hospital in December 2013. Patients were divided in two groups,
considering two-time intervals: November 2011 to February
2013, when the standard approach was SSM, and August 2014 to
February 2015, when ISM became the standard approach.

Patient eligibility was based on four inclusion criteria: (1) avail-
ability of complete pre-operative imaging (mammography,
ultrasound and MRI if indicated) and specimen imaging; (2)
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availability of post-operative pathology reports; (3) malignant
lesion (invasive or in situ carcinoma) confirmed at pathology;
(4) same surgical and radiological team performed the proce-
dures during the study period, to prevent confounding variables
related to the staff’s ability and team coordination.

Patients, who underwent neoadjuvant chemotherapy treatment
and subsequently BCS, were excluded, since the shrinkage of
the tumor in responders could represent an additional challenge
to identify the lesion on specimen imaging. Lesions that were
occult on mammography were also excluded.

SSM and ISM procedure

In all cases, non-palpable lesions were marked with charcoal
suspension (2-4 ml, 4%) before BCS, using ultrasound or stereo-
tactic guidance.

Specimens examined with SSM were sent by the surgeon to our
Breast Imaging Service for mammography. Suture threads were
applied on each surgical specimen in the operating room to iden-
tify each resection margins: one thread for the areolar margin;
two threads for the antiareolar side; three threads for the superfi-
cial or cutaneous margin.

For all specimens, mammograms were obtained in the two
orthogonal planes. First, the surgical specimen was positioned
on the mammography plate, compressed by the appropriate
paddle and oriented as for the craniocaudal view, and then
rotated 90° laterally to obtain the laterolateral view. Specimen
mammograms were performed on a digital mammography unit
(Hologic Dimensions) using the direct magnification technique
and appropriate compression.

For ISM evaluation, the excised specimens were placed by the
surgeon in the specimen mammography system (BioVision,
Faxitron Bioptics") into plastic bag and examined using the same
two projections (two orthogonal views), even though only soft
compression was feasible. The acquired images were displayed in
real time on a 24” high-resolution 3.7 MP monitor, not intended
for definitive evaluation. After the surgeon obtained two correct
projections, they were accepted and sent via PACS to the radiol-
ogist, who performed the evaluation on a high-resolution screen
(5 MegaPixel, Barco’).

For both modalities, specimen images were compared with the
baseline (diagnostic) mammogram to assess adequacy of the
excision. Parameters considered in the radiological report of the
specimen were:

» Presence/absence of the lesion.

« Position of the lesion relative to the resection margins.

« Direction along which to extend the excision in case of close
or affected margins, to direct the IAEs (recommended by
radiologist).

The radiologist discussed immediately each case by telephone
with the surgeon. In cases where the lesion was found to be close
to a margin, the radiologist suggested to the surgeon the direc-
tion of the IAEs. A formal radiological report was also provided.
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Comparison between SSM and ISM for intraoperative assessment in BCS

Baseline mammography and specimen images were evaluated
by two dedicated breast radiologists with more than 10 years of
experience. After the mammographic examination, the surgical
specimen was sent to the pathologist for histological assessment.

The diagnostic reliability of the SSM and ISM specimen eval-
uation was assessed by comparing the radiographic and histo-
pathological diagnoses: at histology, the resection margins were
considered to be infiltrated if the tumor was located on the
sectioned surface (ink on tumor). When the distance between
resected border and lesion was <2mm, we classified margins
as “close margin”; margins were considered as free (negative) if
more than 2mm were present between lesion and borders.

According to the Institutional protocol, all cases were finally
discussed at multidisciplinary meeting for subsequent treatment
(included surgical re-interventions, if necessary).

This retrospective analysis was performed in accordance with the
guidelines of the local institutional review board with a waiver of
informed consent. Before undergoing surgery, all patients had
been informed about the surgical procedures and the possible
use of their data for study purposes, and accordingly signed an
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informed consent form. Patient information was anonymized
prior to analysis.

Data collected and statistical analysis

The following variables were collected for both groups: age,
lesion mammographic features, lesion size, tumor histology type,
operative time, specimen weight, IAEs requested by radiologist
and their outcome; and re-intervention rates. Operative time
was calculated from the induction of anesthesia to the end of the
surgical procedure.

Pathology was considered as gold-standard to determine the
presence of malignancy.

A stratified analysis of intraoperative additional excisions
and re-intervention rates were calculated, according to
mammographic features and histology.

Statistical analysis was carried out using %2 or Fisher’s test for
categorical variables and Mann-Whitney test for continuous
variables, with a significance level <0.05.

Table 1. Comparison of patient and tumor characteristics between two groups according to whether SSM or ISM was used during

breast conserving-surgery

SSM ISM p-value
Study period Nov 2011 - Feb 2013 Aug 2014 - Feb 2015 -
N. of patients (N. of 129 (136) 138 (144) -
lesions)
Patients’ age (mean 62 + 11 years 60 + 11 years 0.20
+SD)
Mammographic size 17 £ 11 mm 15+ 9mm 0.29
(mean * SD)
N (%) N (%)
Mammographic Masses 88 (65%) Masses 95 (66%) 0.82
features of malignant ; . ; .
lesion Microcalcifications 26 (19%) Microcalcifications 23 (16%)
Architectural Distortion 22 (16%) Architectural Distortion 26 (18%)
Type of surgery BCS only 27 (20%) BCS only 22 (15%) 0.59
BCS with sentinel lymph 87 (64%) BCS with sentinel lymph 96 (67%)
node biopsy node biopsy
BCS with axillary 22 (16%) BCS with axillary 26 (18%)
dissection dissection
Histologic size (mean 18 + 11 mm 16 + 11 mm 0.20
+ SD)
Specimen weight 70+67¢g 60+39¢g 0.11
(mean + SD)
N (%) N (%)
Tumor histologic Invasive ductal ca. 64 (47%) Invasive ductal ca. 73 (51%) 0.65
es
e Invasive lobular ca. 24 (18%) Invasive lobular ca. 24 (17%)
In Situ ductal carcinoma 27 (20%) In Situ ductal carcinoma 22 (15%)
Other invasive types 21 (15%) Other invasive types 25 (17%)

BCS: breast conserving surgery;ISM, intraoperative specimen mammography; SD: standard deviation;SSM, standard specimen mammography.
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Table 2. Comparison between operative times, intraoperative additional excisions and re-intervention rates
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Standard specimen Intraoperative specimen

mammography mammography p-value
Operative time (mean + SD) 132 + 43 min 90 + 42 min <0.00001
Operative time (mean + SD) when 144 + 44 min 96 + 37 min <0.00001
intraoperative additional excision was
recommended by radiologist
Intraoperative additional excision rate 39/136 (29%) 53/144 (37%) 0.19
recommended by radiologist
Intraoperative additional excision rate 9/39 (23%) 18/53 (34%) 0.37
yielding malignant finding at pathology
examination
Re-intervention (re-operation) rate 19/136 (14%) 13/144 (9%) 0.27

SD: standard deviation

RESULTS
Patient cohorts

A total of 267 patients with breast cancer were included: 129 in

the SSM group and 138 in the ISM group. Table

1 shows and

compares the characteristics of the two groups of patients and
related imaging, tumor and treatment variables. There were
no significant differences between the two groups across all

variables.

Intraoperative outcomes

Table 2 reports the comparison of operative times, IAEs and
re-intervention rates. In terms of intraoperative time, there was
a significant difference between groups: 132 = 43 min for SSM
vs 90 + 42min for ISM (p < 0.00001). The difference in intra-
operative time was statistically significant (p < 0.00001) also
comparing SSM and ISM in the subgroup of cases where the IAE

was recommended by the radiologist.

IAE recommended by the radiologist was performed for 39/136
(29%) lesions in the SSM group and on 53/144 (37%) lesions in
the ISM group (p = 0.19), and there were no significant differ-
ences at stratified analysis for each mammographic feature
supplementary material 1 (Table A.1) or considering histologic
type supplementary material 1 (Table A.2). At pathological
examination, 9/39 (23%) IAE specimens in the SSM group were
positive for malignancy and 18/53 (34%) in the ISM group, (p =
0.37).

There were no statistically significant differences in re-interven-
tion (re-operation) rates between the two groups, respectively
14% for SSM and 9% for ISM (p = 0.27).

Table 3 reports and compares the margin status of the specimens
evaluated by the two different procedures, highlighting that no
statistical differences (p = 0.10) were found in the percentages
of clear, infiltrated or close margins in the two groups (data also

Table 3. Comparison between SSM and ISM based on margin status evaluated with histology

Margin status evaluated with histology SSM ISM
(subgrouped by each mammographic features) (N.136) (N.144) p-value
Clear (negative) 108 (79%) 114 (79%) 0.10
-Masses 78 74
-Microcalcifications 15 18
-Architectural distortions 15 22
Infiltrated (positive) 19 (14%) 12 (8%)
-Masses 7 8
-Microcalcifications 6 2
-Architectural distortions 6 2
Close 9 (7%) 18 (13%)
-Masses 5 12
-Microcalcifications 3 3
-Architectural distortions 1 3

ISM, intraoperative specimen mammography; SSM, standard specimen mammography.
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Comparison between SSM and ISM for intraoperative assessment in BCS

Figure 1. (a, b) Two different example cases of masses with
spiculated margins assessed by (a) SSM and (b) ISM, respec-
tively. ISM, intraoperative specimen mammography; SSM,
standard specimen mammography.

shown in sub groups according to mammographic features)
(Figures 1-3). Sensitivity, specificity, positive predictive value
and negative predictive value for the two procedures in the
radiological assessment of margin status were not significantly
different, estimated respectively as 35.7%, 73.1%, 25.6% and
81.4% for SSM and 56.7%, 68.4%, 32.1% and 85.7% for ISM; the
results similarly showed no significant differences at analyses
stratified by mammographic features supplementary material
1(Table A.3).

DISCUSSION

Our study shows that following the introduction of the ISM
system in our centre we had a significant reduction in the oper-
ative time for BCS compared to an earlier time-period when
we used SSM for the same procedure. This finding aligns with
previous studies.'>™'® The reason for this time saving is likely
to be that performing specimen mammography directly in the
surgical block, without physically carrying the specimen to the
Radiology Department which could be situated in a different
location within the hospital (as is the case in some facilities
including ours).

The reduction in operative time has multiple consequences, such
as decreased anesthetic times, reduced risks for the patients and
reduced operating room costs, as well the potential to increase
the number of interventions per day, hence decreasing patients’
waiting list.
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The intraoperative margin assessment methods included non-
invasive techniques that applied to the excised tissue or within
the surgical cavity can produce results about margin status
during surgery to enable further tissue shavings to be taken.
Intraoperative pathological assessment (frozen section, touch
smear and imprint cytology, gross tissue inspection combined
with specimen radiology) had high sensitivity, specificity and
accuracy, but these methods add significant time to the oper-
ation, often between 20 and 30min on average.'” Among the
intraoperative imaging methods, intraoperative ultrasound
showed sensitivity that ranged from 25 to 100% and specificity
from 74 to 95% and can be used to guide surgery in the operating
theatre. However, ultrasound works well in dense soft tissue, but
it does not perform as well where there is multifocal disease or
for lesions presenting as calcification.'” Further studies reported
that specimen mammographic evaluation took approximately
the same time, or slightly longer, as handheld ultrasound.'”

In our study, aside from the reduced procedure time attributed
to ISM (compared to SSM) there were no other differences in the
surgical outcomes we examined, including IAE rates and re-in-
tervention rates."®

Some studies have found a reduction in re-intervention rates
after the introduction of ISM.'* In our series, the re-intervention
rate was non-significantly lower following the introduction of
ISM (re-intervention rate 14% for SSM and 9% for ISM), possibly
limited by sample size, in agreement with what was reported by
Layfield et al.?® Our re-intervention rates are still within the
range reported in recent studies, following the SSO-ASTRO
guidelines.'®*~%?

Our study also focused on IAE rates, which slightly increased
in the ISM group as shown in Table 2. We did not anticipate
substantial changes in IAE rates and re-intervention rates, since
the imaging analysis was performed by the same radiologists on
both groups and imaging quality is comparable, even though the
two imaging techniques have some execution differences. Spec-
imens examined with SSM are compressed with a plate, trying
to simulate the conditions of the mammographic examinations.
In ISM, instead, there is no possibility of a controlled specimen

Figure 2. (a, b) Two different example cases of architectural distortions assessed by (a) SSM and (b) ISM, respectively. ISM, intra-
operative specimen mammography; SSM, standard specimen mammography.
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Figure 3. (a, b, ¢) Three different example cases of microcalcifications assessed by (a) SSM and ISM, both in dense (b) and non-
dense tissue (c). ISM, intraoperative specimen mammography; SSM, standard specimen mammography.

compression. We preferred not to compress the specimen or to
compress them with tools that could create artefacts. On the
contrary, we found it indispensable to perform two projections
with both techniques.

We also verified that there were no differences in the correct
evaluation of lesions subgrouped on the basis of mammographic
features or histological subtypes: these findings strengthen the
reliability of ISM also in the assessment of microcalcifications
(although this had the limitation of not being able to perform
magnification view, which was possible previously when we used
SSM).

Even though our study was retrospectively designed, our popula-
tion was consistent, since it included more than 260 breast cancer
patients with generally similar variables across the two groups.
The majority of published studies considered less than a hundred
patients and only Camp et al'> and Muttalib et al'* compared
groups of patients with similar characteristics. Furthermore, we
evaluated the utility of the two techniques on the three main
radiological features depicting cancer without finding any signif-
icant differences, suggesting that our comparative results are reli-
able. In particular, we did not find any significant difference with
microcalcifications that can be more challenging to be visualized
without a good screen resolution.

The limitations of the study are the retrospective design, and
that we did not allow a ‘double evaluation’ of specimens with

both ISM and SSM for direct comparison. Nonetheless, the
design allowed us to pragmatically compare BCS operative times
between the two groups.

CONCLUSIONS

Our study supports the use of ISM in place of SSM during BCS,
as a relatively fast and reliable procedure compared to SSM,
allowing a significant reduction in operative times, by stream-
lining communication around the adequacy of tumor excision
between surgeons and radiologists.
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