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ABSTRACT

Purpose: The Histolog® Scanner (SamanTree Medical SA, Lausanne, Switzerland) is a large field-of-view confocal
laser scanning microscope designed to allow intraoperative margin assessment by the production of histological
images ready for assessment in the operating room. We evaluated the feasibility and the performance of the
Histolog® Scanner (HS) to correctly identify infiltrated margins in clinical practice of lumpectomy specimens. It
was extrapolated if the utilization of the HS has the potential to reduce infiltrated margins and therefore reduce
re-operation rates in patients undergoing breast conserving surgery (BCS) due to a primarily diagnosed breast
cancer including ductal carcinoma in situ.

Methods: This is a single-center, prospective, non-interventional, diagnostic pilot study including 50 consecutive
patients receiving BCS. The complete surface of the specimen was scanned using the HS intraoperatively. The
surgery and the intraoperative margin assessment of the specimen was performed according to the clinical
routine consisting of conventional specimen radiography as well as the clinical impression of the surgeon. Three
surgeons and an experienced pathologist assessed the scans produced by the HS for cancer cells on the surface.
The potential of the HS to correctly identify involved margins was compared to the results of the conventional
specimen radiography alone as well as the clinical routine. The histopathological report served as the gold
standard.

Results: 50 specimens corresponding to 300 surfaces were scanned by the HS. The mean sensitivity of the sur-
geons to identify involved margins with the HS was 37.5% =+ 5.6%, the specificity was 75.2% + 13.0%. The
assessment of resection margins by the pathologist resulted in a sensitivity of 37.5% and a specificity of 81.0%,
while the local clinical routine resulted in a sensitivity of 37.5% and a specificity of 78.2%.

Conclusion: Acquisition of high-resolution histological images using the HS was feasible in clinical practice.
Sensitivity and specificity were comparable to clinical routine. With more specific training and experience on
image interpretation and acquisition, the HS may have the potential to enable more accuracy in the margin
assessment of BCS specimens.

1. Introduction

probability of 12.3% [1]. Following the introduction of comprehensive
mammography screenings in many countries in the last decades, the
incidence of early-stage breast cancer has steadily increased. This
frequently positions primary breast conserving therapy (BCT), defined

Breast cancer is the most common cancer in women with a lifetime
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Abbreviations
AGO German Working Group of Gynecological Oncology
BCS Breast conserving surgery
BCT Breast conserving therapy
CI Clinical impression
CSR Conventional specimen radiography
DCIS Ductal carcinoma in situ
HS Histolog®Scanner
ILC Invasive lobular carcinoma
NPV Negative predictive value
NST Non special type
PO Proportion of overall agreement
PPV Positive predictive value
SD Standard deviation
95% CI  95% confidence interval

as the combination of breast conserving surgery (BCS) and adjuvant
radiation, as first choice treatment option. BCT is associated with
improved overall survival compared to mastectomy in women with
early-stage, node-negative breast cancer [2-4]. Furthermore, BCT is
associated with higher patient satisfaction with improved aesthetic
outcomes, while the risk of postoperative complications is reduced
simultaneously [5-7]. BCS aims to remove all cancerous tissue to obtain
clear resections margins, while at the same time removing as little
healthy tissue as possible [8]. Current guidelines define a resection
margin for invasive carcinoma as clear when no tumor cells are
detectable on the resected surface, also called “no ink on tumor”. For
ductal carcinoma in situ (DCIS) clear resection margin of > 2 mm is
recommended, although individual approaches with consideration of
the patient’s age and tumor extent are possible [ [9,10]]. The final
margin status is assessed by the pathologist after a few days following
histopathological processing. Infiltrated margins are a known risk factor
for local recurrence [11]. Therefore, 17-35% of BCS procedures result in
a secondary re-resection due to margin involvement causing additional
anxiety for the patients, increased risks for perioperative complications,
an unfavorable cosmetic result, as well as additional costs [ [12,13]].

Although being proven as a critical component of BCT, intra-
operative margin assessment techniques during the index procedure are
currently lacking standardization. There are several methods available,
e.g. intraoperative ultrasound, breast imprint and scrape cytology,
frozen section analysis or Margin Probe, all with varying results
[14-18]. Conventional specimen radiography (CSR) using two plane
mammography and/or ultrasound is the current standard method
established in Germany, as recommended by the German Working
Group of Gynecological Oncology (AGO) Breast Committees guidelines [
[19,20]].

This study aimed to evaluate a confocal imaging device for fresh ex-
vivo tissue surface imaging (Histolog®Scanner, SamanTree Medical SA)
for its ability to detect infiltrated margins. The Histolog®Scanner (HS) is
a digital microscopy scanner that produces images of the superficial cell
layer of fresh tissue specimen.

We investigated if the HS is applicable in clinical routine as a tool for
intra-operative decision-making regarding margin assessment. As a part
of the evaluation for the intraoperative use of HS, it is of interest to
compare the HS use with routine intraoperative assessments at our
center which consists of combined CSR and gross surgical inspection.
Furthermore, we assessed if reduction of positive margins and re-
operation rates can potentially be achieved using this device.

2. Methods

This study was performed in line with the principles of the
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Declaration of Helsinki. Approval was granted by the local ethics com-
mittee (reference number S-609/2020) and written informed consent
was obtained from each patient.

2.1. Patient population

A total of 50 patients who received primary BCS due to a histologi-
cally confirmed malignant breast lesion between September 2020 and
January 2021 were included. Exclusion criteria were neoadjuvant
chemotherapy, presurgical radiotherapy of the target breast, previous
breast surgeries of the target breast, or multicentricity of the breast
lesion. Patients who did not receive CSR due to palpability of the target
lesion were excluded. Patients with palpable lesions who received CSR
despite palpability as part of the clinical routine were included. All
histological subtypes including carcinoma in situ were included.

2.2. Standard surgical procedures

To facilitate excision of non-palpable lesions, all patients underwent
ultrasound- or mammography-guided wire localization before surgery.
Following excision predominantly conducted with electric surgical
knives, the tumorous tissue was immediately marked by sutures on three
distinct surfaces (cranial, lateral, medial) by the surgeon to ensure
reproducibility of specimen orientation. Including the corresponding
opposite surfaces, there were overall six surfaces per specimen (cranial,
caudal, lateral, medial, ventral, and dorsal, Fig. 1).

The specimen was sent to the breast unit where the intraoperative
specimen radiography was performed. The radiographs were reviewed
for the presence of the malignant lesion close to the resection margin by
a single experienced examiner who was in charge for the radiography
assessment of that day in clinical routine. If infiltration of the resection
margin could not be ruled out, a margin was considered positive. A re-
excision was recommended if the examiner considered one or more of
the resection margins to be infiltrated, but it was up to the surgeon’s
decision if a re-excision was to be performed. If, based on the CSR, a re-
excision was recommended in a direction in which clinically a resection
was not possible (e.g. dorsal dissection was already performed down to
the fascia of the pectoralis muscle), the surgeon decided to what extent
further surgery should be performed. At the same time, the surgeon
could decide based on his or her intraoperative clinical impression (CI)
or palpation to perform a re-excision in a direction in which no
recommendation was made by the CSR. Therefore, the surgeon’s CI by
gross inspection also served as a margin assessment tool and may have
led to re-excisions during surgery even if the CSR did not suggest further
excisions.

cranial
dorsal

lateral —_| | medial

ventral

caudal

Fig. 1. Simplified explanation of a specimen’s orientation.
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2.3. Use of the Histolog®Scanner

After the performance of CSR all six surfaces of the specimen were
scanned by the HS in the operating room directly after wound closure
(Fig. 2a). Every specimen was stained in Histolog®Dip (SamanTree
Medical SA, Lausanne, Switzerland) containing fluorescence. After
rinsing off superfluous dip with saline, the specimen was positioned on a
Histolog®Dish (SamanTree Medical SA, Lausanne, Switzerland), previ-
ously mounted on the HS. To acquire an image, specimen surface in
contact with the optical interface of the HS was digitized and the
resulting image was visualized on a display monitor (Fig. 2b). Every
specimen was visualized by a minimum of six scans. Up to two scans
were taken of a surface if the surface area of a specimen was bigger than
the optical interface. All images were stored digitally on an external hard
drive until assessed. The fluorescence staining as well as the scanning of
the surfaces were performed by a trained study team member.

In this pilot study, the images were reviewed after finishing the
surgery due to the non-interventional study design. Considering the
exploratory character of this study, no clinical consequences were drawn
based on the HS scans.

Since the three breast surgeons had no previous experience with
confocal imaging, they received training data sets consisting of reference
images to be able to differentiate between cancerous and physiological
breast tissue, before they performed the image assessment. The training
data sets contained HS images with NST and ILC breast cancer as well as
DCIS. It was performed on a web-based platform and was completed
within 2 h.

Then, the study scans were presented anonymously and in a random
order to the surgeons as well as to a pathologist experienced in confocal
imaging. The observer had to evaluate every scan for its quality (good
versus limited versus no assessment possible). After that the tissue
pictured on the scan was assessed for invasive cancer or in situ carci-
noma. The observer had to decide based on the scan provided by the HS
if a potential re-excision is recommended or not.

The duration from scanning the specimen to produce a histological
image were measured to evaluate the necessary time expenditure.

2.4. Histopathological examination

After the use of the HS all excised tissue were directly sent to pa-
thology for histopathological assessment functioning as reference
standard.

The histopathologic examination included gross and microscopic
inspection of all resection margins. According to the AJCC Cancer
Staging Manual, the presence or absence of residual tumor was classified

Fig. 2. Histolog®Scanner (HS) setting in the operating room
a setting of the HS in the operation room. b acquisition of a digital histopath-
ological image of one surface of a specimen.
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as RO (no residual tumor), R1 (microscopic residual tumor), or Rx
(presence of residual tumor cannot be assessed). All margins assessed as
R1, or Rx were handled as positive in our study. For our study, RO was
defined as “no ink on tumor” for both invasive and non-invasive carci-
noma, since the HS does not have the potential to evaluate non-
superficial cell layers. Therefore, R1 was defined as cancer cells on the
superficial cell layer. A DCIS with a safety margin of 1 mm would have
resulted in a Rx situation in our clinical standard but in the context of
this study it would be defined as RO. The pathologist was unaware of the
findings of the CSR as well as the HS.

2.5. Statistical analysis

The statistical analysis is of descriptive nature. The patient charac-
teristics were tabulated using the measures of empirical distributions
such as mean with standard deviation (SD) as well as 95% confidence
intervals (95%CI) depending on the level of measurement for contin-
uous outcomes and absolute and relative frequencies for categorical
outcomes. Statistical analysis was performed using R (Version 1.0.136 —
© 2009-2016 RStudio, Inc).

3. Results
3.1. Patient and tumor characteristics

Fifty consecutive patients undergoing BCS were included. Mean age
was 60.9 years +10.6 years. Twenty-nine (58%) of all breast lesions
were in the left breast, 21 (42%) in the right breast of the patient. Of all
50 patients 43 (86%) had an invasive cancer, of these 34 patients had
concomitant in-situ carcinoma, while 7 (14%) patients had in-situ car-
cinoma alone. The clinical T classification is specified in Table 1. All 50
patients received preoperative wire-marking of the target lesion: 46
(92%) guided by ultrasound and 4 (8%) guided by mammography.

3.2. Histopathological examination of the main specimen

Considering the margin status before the performance of CSR and
consecutive targeted re-excision, 42 (14.0%) of all 300 margins showed
infiltration (R1) in the histopathological examination, 6 (2.0%) showed
an unclear margin (Rx). This translates to 23 (46%) patients with an
infiltrated margin and 4 (8%) patients with an unclear margin on case
level, respectively (Table 2).

3.3. CSR and clinical routine

CSR was performed in all 50 cases; therefore 300 margins were
evaluated.

46 (15.3%) margins were considered positive, while 254 (84.7%)
margins were considered negative by CSR. Of these, 13 (4.3%) were
assessed correctly as positive comparing to the final histopathological
examination. 33 (11.0%) margins were considered falsely as positive.
219 (73.0%) margins were correctly considered negative, while 35

Table 1
Clinical T classification.

Clinical T classification Number of patients”

is 7(14)

1 29 (58)
la 3(6)
1b 9(18)
lc 17 (34)

2 12 (24)

3 1(2)

4 1(2)

@ Values are absolute frequencies. Relative frequencies are given as percentages in

parentheses. Percentages are rounded.
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Table 2
Histopathological margin assessment before performance of targeted re-
excisions.

a on margin level

Number of surfaces®

RO 252 (84)
R1 42 (14)
Rx 6(2)

b on case level
Number of patients”

RO 23 (46)
R1 23 (46)
Rx 4(8)

@ Values are absolute frequencies. Relative frequencies are given as percent-
ages in parentheses. Percentages are rounded.

(11.7%) were histologically infiltrated although being stated negative
by CSR. This results in a sensitivity of 27.1% (95%CIL: 15.3-41.9%) a
specificity of 86.9% (95%CI: 82.1-90.8%) a positive predictive value
(PPV) of 28.3% (95%CI: 18.3-40.9%) and a negative predictive value
(NPV) of 86.2% (95%CI: 84.0-88.2%). The proportion of overall
agreement (PO) was 77.3% (95%CI: 72.2-82.0%).

Considering the standard clinical routine consisting of CSR and CI,
the results were as following: sensitivity 37.5% (95%CI: 24.0-52.7%),
specificity 78.2% (95%CL: 72.6-83.1%), PPV 24.7% (95%CL
17.5-33.6%), NPV 86.8% (95%CI: 83.9-89.2%), and PO 71.7% (95%CIL:
66.2-76.7%).

3.4. Histolog®Scanner assessment

HS was used in all 50 cases; thus 300 surfaces were scanned. Overall,
320 images were obtained from the HS (Figs. 3 and 4). Mean time taken
for scanning was 14.7 + 5.2 min per specimen.

In 0.9%, 2.4%, and 0.9% of scans, respectively, HS image quality was
graded poor quality by the three surgeons leading to no adequate
assessment.

The margin assessment by the three observers resulted in a mean
sensitivity of 37.5% =+ 5.6%, a specificity of 75.2% + 13.0%, with a PPV
of 24.2% 4 6.0%, and NPV of 86.2% 4 1.2%. The mean PO was 69.2%
+ 10.0%. The values for the respective observers are displayed in
Table 3. All scans obtained by the HS were also assessed by the
pathologist. HS image quality was rated poor in 4% of all cases and
limited in the majority of the other cases (Fig. 3).

Margin assessment by the pathologist resulted in a sensitivity of
37.5% (95%CIL: 24.0-52.7%), a specificity of 81.0% (95%CL:
75.6-85.6%), a PPV of 27.3% (95%CIL: 19.4-36.9%), a NPV of 87.2%
(95%CI: 84.4-89.5%), and a PO of 74.0% (95%CL 68.7-78.9%)
(Table 3).

3.5. Targeted Re-Excisions

Based on the recommendations of CSR and the surgeon’s CI, a total of
64 re-excisions were performed on the 50 study patients. 17 patients did
not require any re-excision, while 33 patients received at least one tar-
geted re-excision. Of these, 22 (34.4%) were recommended by CSR only,
24 (37.5%) depended on CI only. Re-excisions in 18 directions (28.1%)
depended on CSR as well as CI.

3.6. Final histopathological examination including targeted re-excisions

Of all 50 patients 43 had an invasive cancer in the final histopath-
ological examination, while 7 patients had an in-situ carcinoma. Most of
the invasive cancers were categorized as non-special type (NST, 35), 4
were invasive-lobular (ILC) and in 2 specimens both NST and ILC were
detected. The pathological T classification and the histological tumor
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Fig. 3. Images produced by the Histolog®Scanner of non-cancerous breast
lumpectomy margins

a Surface of the lumpectomy is presenting artifacts affecting overall image
quality and limiting proportion of the tissue in contact with the sensor. These
artifacts are supposedly due to use of electric knife and to a superficial drying of
the specimen surface. Insert: high magnification of the artifacts that are
masking cellular details useful for identification. b Surface of the lumpectomy is
presenting no artifacts with good image quality and good contact. Insert: high
magnification of a benign lobule, where acini and small ducts could be
appreciated. Scale bars in the main images and in the inserts represent 2 mm
and 250 pm respectively.

type are presented in Table 4.

Considering all primary re-excisions performed during the surgery,
overall, 35 (11.7%) margins showed infiltration (R1) in the final histo-
pathological examination and 4 (1.3%) margins were assessed as un-
clear (Rx). The margin assessment for each orientation is presented in
Table 5a. Of all infiltrated margins, 23 (65.7%) were infiltrated by in-
situ carcinoma, 10 (28.6%) by NST, 1 (2.9%) by ILC, and 1 (2.9%) by
a micropapillary subtype. Of all unclear margins, 3 (75%) were associ-
ated to in-situ carcinoma, and 1 (25%) to NST (Table 5b). This translates
to 17 (34%) patients with an infiltrated and 2 (4%) patients with an
unclear margin on case level, respectively (Table 5c).

3.7. Margin assessment after the implementation of the Histolog®Scanner

If every evaluation as positive hypothetically resulted in a re-excision
and every re-excision resulted in a clear margin, the following margin
status would have been achieved after implementation of the HS in this
study cohort: on average, a RO-status could be achieved in 9 additional
surfaces (Table 6a). At the same time, on average 58.8 false positive
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Fig. 4. Images produced by the Histolog®Scanner of cancerous breast lump-
ectomy margins

Main images are showing cancerous areas encircled in red color: cancerous
areas are often easily detected because they appear darker than both fibrous
stroma and adipose tissue, due to a higher content of nuclei. Inserts: high
magnification of the lesions. a ductal carcinoma in situ: one solid nodule with
well-defined border is recognizable in the fat, composed of neoplastic cells with
enlarged nuclei. b, ¢ invasive carcinoma: normal lobular architecture is not
present, whereas a nodule composed of haphazardly distributed cords and large
aggregates of neoplastic cells is shown (b), and small nests of neoplastic cells
infiltrating into connective tissue are recognizable (c) Scale bars in the main
images and in the inserts represent 2 mm and 250 pm respectively. (For
interpretation of the references to color in this figure legend, the reader is
referred to the Web version of this article.)
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Table 3
A Comparison of sensitivity, specificity, PPV, NPV and PO.
Sensitivity Specificity PPV NPV PO
Clinical 37.5% (18 78.2% (197 24.7% 86.8% 71.7%
routine of 48) of 252) (18 of (197 of (215 of
(CSR + CI) 73) 227) 300)
CSR 27.1% (13 86.9% (219 28.3% 86.2% 77.3%
of 48) of 252) (13 of (219 of (232 of
46) 254) 300)
Observer 1 43.8% (21 60.3% (152 17.4% 84.9% 57.7%
of 48) of 252) (21 of (152 of (173 of
121) 179) 300)
Observer 2 33.3% (16 84.1% (212 28.6% 86.9% 76.0%
of 48) of 252) (16 of (212 of (228 of
56) 244) 300)
Observer 3 35.4% (17 81.3% (205 26.6% 86.9% 74.0%
of 48) of 252) (17 of (205 of (223 of
64) 236) 300)
Pathologist 37.5% (18 81.0% (204 27.3% 87.2% 74.0%
of 48) of 252) (18 of (204 of (222 of
66) 234) 300)

Absolute frequencies are given in parentheses.

CSR: conventional specimen radiography; CI: clinical impression of the surgeon
by gross inspection; PPV: positive predictive value; NVP: negative predictive
value; PO: proportion of overall agreement.

Table 4
Pathological data.

Pathological T classification Number of patients”

is 7 (14)
1 30 (60)
1mi 1(2)
la 24
1b 10 (20)
1c 17 (34)
2 13 (26)
Histological type
In situ 7 (14)
Invasive 43 (86)
NST 35 (68)
+ in situ 28 (56)
- in situ 7 (14)
ILC 4(8)
+ in situ 12
- in situ 3(6)
NST + ILC 24
+ in situ 0(0)
- in situ 24
others 2(4)
+ in situ 1(2)
- in situ 1(2)

NST: nonspecial type; ILC: invasive lobular carcinoma.
 Values are absolute frequencies. Relative frequencies are given as percent-
ages in parentheses. Percentages are rounded.

assessments would have led to unnecessary resections of healthy tissue
in directions were already a RO situation was achieved in the main
specimen. On a case-by-case level 4 to 8 patients would have profited
from the implementation of the HS regarding the necessity of secondary
re-excisions (Table 6b).

4. Discussion

Reducing the risk of local recurrence by clear resection margins
while allowing preservation of as much healthy tissue as possible is the
main challenge for surgeons performing BCS. Current techniques of
intraoperative margin assessment still have limited efficacy since up to a
third of patients undergoing BCS receives multiple surgeries [21].

In this prospective non-interventional pilot study, a novel CE-marked
device for fresh tissue imaging was evaluated for the margin assessment
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Table 5
Histopathological margin assessment after targeted re-excisions.

a on specimen level

medial lateral cranial caudal  frontal dorsal total
RO 45 43 44 44 42 44 261 (87.0%)
R1 4(3)" 6(4) 51 54 8 (6) 7 (5) 35 (11.6%)
Rx 1(0) 1M 1) 1) 0 (0) 0 (0) 4 (1.3%)
b on specimen level, divided according to histological subtypes

NST ILC NST + ILC DCIS Other total

RO 190 21 10 30 10 261 (87.0%)
R1 10 1 0 23 35 (11.6%)
Rx 1 0 0 3 4 (1.3%)

c on case level

Number of patients”

RO 31 (62)
R1 17 (34)
Rx 24

2 The number of in-situ carcinoma is given in parentheses.
b Values are absolute frequencies. Relative frequencies are given as percent-
ages in parentheses. Percentages are rounded.

Table 6
Margin status after implementing the Histolog® Scanner.

a on margin level

Margin status® Observer 1 Observer 2 Observer 3 Pathologist
RO 261 273 (+12)° 268 (+7) 269 (+8) 270 (+9)
R1 35 23 (-12) 29 (- 6) 28 (-7) 25 (- 10)
Rx 4 4(+0) 3(-1) 3(-1) 5(+D)
b on case level

Margin status” Observer 1 Observer 2 Observer 3 Pathologist
RO 23 31 (+8)" 30 (+7) 30 (+7) 27 (+4)
R1 23 17 (- 6) 18 (- 5) 18 (-5) 194
Rx 4 2(-2) 2(-2) 2(-2) 4(+0)

# Margin status before performance of targeted re-excisions.
b The changes in R-status compared to the status before performance of tar-
geted re-excisions are given in parenthesis.

of lumpectomies. In previous studies the HS was used and evaluated as
an on-site method for assessment of core-cut biopsies in breast cancer
diagnostics. In this context assessment with the HS corresponded in up
to 95% of the core-cut biopsy to the histopathological examination [22].
Another single center study by Sandor et al. including 40 patients un-
dergoing breast conserving surgery using the HS showed a sensitivity of
30.7% and 53.8% when assessments were performed by breast surgeons
and a pathologist, respectively, while specificity was 85.1% and 85.2%,
respectively [23]. In our study, sensitivity ranged between 33.3% and
43.8% whereas specificity ranged between 60.3% and 84.1%. Compared
to CSR alone, the HS showed higher detection rate with a gain of
sensitivity of 6.2%-16.7% while specificity was 2.8%-26.6% lower. In
the standard workflow, the addition of CI to the CSR for margin
assessment improved the detection rate. Since the HS was used retro-
spectively, it was not possible to assess the effect of combining it with CI.
The use of the HS in combination with CI should therefore be evaluated
in further studies. With a mean scanning time of 14.7 min the scanning
time required may also be short enough to provide real-time feedback to
the surgeon in the operating room to allow immediate decision-making
regarding margin assessment. Especially when lumpectomies are com-
bined with axillary surgery the HS can be operated while the surgeon
performs sentinel lymph node biopsies or axillary dissection.

The imaging of full lumpectomy specimens with large field-of-view
confocal laser scanning microscopy is an innovative approach for the
margin assessment. It requires to manipulate and place the specimen
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above the imaging window by the user. This placement necessitates
training, especially for specimens with less cubic shape to ensure that all
surfaces have been imaged and maintain false negative rate as low as
possible. Especially specimens with a larger size than the optical inter-
face of the HS can be more difficult to assess since they require longer
imaging time (two scans may be needed to image one margin) and are
more prone to artifacts due to difficulties in specimen positioning
leading to more sources of false assessments. At our center, lumpectomy
is predominantly conducted with electric surgical knives, which stiffen
the specimen and leave cauterization on the surfaces limiting the
readability of the images. This could be one reason for the limited image
quality reported by the pathologist. In addition, the workflow applied in
this observational study included sending the specimen to CSR prior to
confocal imaging. This results in the drying out of the surface and may
have negatively impacted the overall image quality for cancer detection,
as previously reported for conjunctival tumors that needed to be kept
into saline solution during any waiting time prior imaging to ensure
correct confocal image quality [24].

Cancer detection rates in HS could also be improved by an additional
understanding of cancerous patterns in lumpectomy margins when
visualized in HS images. This study was one of the first to image such
margins with the HS so there was a lack of reference images. The present
study has generated new images that can be used in further studies as a
training material to achieve better recognition of cancer-positive mar-
gins. Due to the fresh tissue imaging and unconventional staining this
might also be necessary for experienced pathologist.

Further studies are needed after adjusted training to evaluate the role
of the HS in clinical routine.

5. Conclusion

The current study is the largest study to evaluate the use of the HS in
lumpectomies. This device supports intraoperative margin assessment in
patients undergoing BCS to reduce re-excision rates by detecting infil-
trated margins on-site. The present study demonstrated feasibility of the
HS in 50 consecutive cases in clinical routine. This evaluation of the HS
is already showing similar detection rates for breast cancer compared to
the intraoperative standard of care. This rate is expected to be improved
with additional training material and further studies are required to
demonstrate.
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