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Introduction and objectives: Fluorescence confocal
microscopy (FCM) is a new imaging modality capable
of generating digital microscopic resolution scans of
fresh surgical specimens, and holds potential as an
alternative to frozen section (FS) analysis for intra-
operative assessment of surgical margins. Previously,
we described the LaserSAFE technique as an applica-
tion of FCM for margin assessment in robot-assisted
radical prostatectomy (RARP) using the Histolog®
scanner. This study describes the accuracy and inter-
rater agreement of FCM imaging compared to corre-
sponding paraffin-embedded analysis (PA) among
four blinded pathologists for the presence of positive
surgical margins (PSM).

Materials and methods: RARP  specimens from
patients enrolled in the control arm of the NeuroSAFE
PROOF study (NCT03317990) were analysed from
April 2022 to February 2023. Prostate specimens

were imaged using the Histolog® scanner before for-
malin fixation and PA. Four trained assessors, blinded
to PA, reviewed and analysed FCM images of the pos-
terolateral prostatic surface.

Results: A total of 31 prostate specimens were
included in the study. PA per lateral side of the pros-
tate identified 11 instances of positive margins.
Among the four histopathologists included in our
study, FCM achieved a sensitivity of 73-91 and speci-
ficity of 94-100% for the presence of PSM. Fleiss’
Kappa for inter-rater agreement on PSM was 0.78
(95% confidence interval = 0.64-0.92), indicating
substantial agreement.

Conclusion: This blinded analysis of FCM versus PA
among histopathologists with different experience
levels demonstrated high accuracy and substantial
inter-rater agreement for diagnosing PSM. This sup-
ports the role of the FCM as an alternative to FS.
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Introduction

The goal of robot-assisted radical prostatectomy
(RARP) is the local oncological control of prostate
cancer (PC). Risks associated with this procedure
include postoperative urinary incontinence and erec-
tile dysfunction.' ® To decrease the incidence, severity
and duration of these side effects, nerve-sparing (NS)
RARP was developed.*> However, when extrapro-
static extension (EPE) is present, NS poses an
increased risk of positive surgical margins (PSM) at
the posterolateral margins.® PSM is a well-recognised
peri-operative risk factor for biochemical recurrence
(BCR)” which, in turn, necessitates additional salvage
treatments, with their associated distress, costs and
negative impact on patients’ quality of life.® The deci-
sion to perform NS is usually taken by the surgeon
based on clinical information such as positive biopsy
core locations, tumour extent on pre-operative mag-
netic resonance imaging (MRI) and intra-operative
digital rectal examination, or a combination of these.’
However, the value of these tools in predicting EPE is
limited, leading to the unnecessary removal of the
neurovascular bundle in many patients.'? 12

The NeuroSAFE technique, based on intra-operative
frozen section (FS) of the posterolateral margins, has
emerged as a reliable guide for NS during RARP.!371°
Despite its promise and adoption as standard in some
centres,'* the NeuroSAFE technique is hindered from
widespread implementation due to the cost and logis-
tical requirements of performing FS.'” An alternative
called ex-vivo fluorescence confocal microscopy (FCM)
is an emerging digital imaging technology capable of
scanning fresh tissue to produce high-resolution
micrometre-level images within minutes.'®'? This
technology has shown good early reliability and
reproducibility at diagnosing prostate cancer in core
biopsies and posterolateral shavings of the prostate
similar to the NeuroSAFE technique.? %2

The Histolog® scanner (SamanTree Medical SA,
Lausanne, Switzerland) is an ex-vivo FCM-based
mobile microscope that can be placed within the
operating room and has a wide objective capable of
producing high-resolution cellular-level detail of fresh
surgical specimens (48 x 36 in less than 1 min). We
have previously described a technique to use the

Histolog® scanner to image the posterolateral mar-
gins of RARP specimens which we have called Laser-
SAFE, as it is analogous to the NeuroSAFE FS
technique.?’ This method simplifies the procedure,
reducing the number of steps by clearly protocolising
specimen handling and thus allowing consistent
good-quality image production within minutes. In
this paper, we describe the accuracy metrics of FCM
images evaluated independently by four pathologists
blinded to final pathology compared to the standard-
of-care paraffin-embedded analysis (PA).

Methods

In this study, the specimens were evaluated using the
Histolog® scanner through an en-face technique; i.e.
as seen from the outer aspect of the prostate and tan-
gential to the area of interest. The primary objective
was to describe the sensitivity of FCM image interpre-
tation to diagnose PSM compared to the PA standard
of care. Secondary objectives were to describe the
specificity, positive and negative predictive values and
interobserver agreement for the presence of PSM.
Patients enrolled into the standard arm of the Neuro-
SAFE PROOF study (NCT03317990)** who signed
the optional consent form for prostate specimen bio-
banking analysis were included. RARP were per-
formed from April 2022 to February 2023. Al
patients underwent standard-of-care RARP with NS
decisions based on pre-operative planning through
MRI and biopsy information, and no clinical decisions
were taken based on the findings of specimen analysis
with FCM.

The RARP specimens of patients undergoing bilat-
eral NS were imaged on the Histolog scanner® imme-
diately after extraction from the abdominal cavity
using our LaserSAFE technique. Briefly, the whole
prostate is dipped for 10 s into an acridine orange-
based photoreactive solution (Histolog® Dip, Saman-
Tree Medical SA) and rinsed using 0.9% saline solu-
tion, thoroughly dried using gauze and placed on the
scanner to obtain three images: posterior, right pos-
terolateral and left posterolateral. The scans were
pseudo-anonymised and saved in a secure hard drive
for subsequent analysis. All scans were acquired by a
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urology research fellow (R.A.) trained in the use of the
Histolog scanner. When irregularly shaped specimens
precluded obtaining a high-quality scan, a second
image was acquired by using a light mouldable weight
to compress and stabilise the specimen. Additionally, if
the specimen volume was too large to fit within the
Histolog scanner’s objective, up to two images per side
were acquired by repositioning the specimen.

Given the low rate of PSM in our current practice,
we decided to enrich our population with
ex-vivo-created PSMs. To this end, in patients where
pre-operative clinical and imaging parameters sug-
gested a high likelihood of EPE or high-volume intra-
prostatic malignancy, we performed an ex-vivo
dissection of the neurovascular bundle and Denonvil-
liers’ fascia to expose the prostatic capsule for imaging
(peel technique, Supporting information, Video S1).
This technique increased the likelihood of malignant
glands being present at the surface of the specimen.
The inner exposed area was subsequently imaged
using the Histolog® scanner as described above, inked,
and the specimen continuity was restored using
cyanoacrylate-based surgical glue to avoid affecting
PA assessment of specimen and surgical margin status.

The specimens were then formalin-fixed and pro-
cessed in the histopathology laboratory following rou-
tine practice and published guidelines, including
inking the external specimen aspects for definite sur-
gical margin assessment. All prostates were processed
using the whole mount methodology.?>*® The surgi-
cal margin was considered positive/involved when
malignant glands were seen in contact with the inked
surface of the specimen (Figure 1). When the ex-vivo
peel technique was performed on the prostate speci-
men for comparison with FCM, the surgical margin
was considered positive if malignant glands were in
contact with the inked internalised artificial surgical
margin. As this study focuses upon the diagnostic
accuracy of FCM, intra-operative FCM margin status
did not influence the surgical procedure. Further-
more, neither the artificial margin status nor the
definitive surgical margin status affected adjuvant or
salvage treatment decisions, as all patients were
placed on PSA surveillance.

Four pathologists, including two consultant pathol-
ogists (A.F., W.V.) with expertise in uropathology
and two pathology trainees (M.M., K.D.), assessed the
FCM images. Before viewing the images, all patholo-
gists received comprehensive training in FCM image
interpretation provided through a dedicated training
platform (https://hit.samantree.com/). One senior
pathologist had previous experience with interpreting
FCM imaging from a separate study (W.V.).

LaserSAFE: novel margin detection during prostatectomy 3

Figure 1. A, The prostate specimen is placed with the area of inter-
est in contact with the microscope objective and stabilised using a
purposely built specimen holder. B, The macroscopic
high-resolution image can be scanned for areas of interest. C, Mag-
nification of glandular structures suggestive of a positive margin.
D, Corresponding paraffin-embedded haematoxylin and eosin image
with malignant glands in contact with the ink.

Following training, the pathologists independently
reviewed the FCM images using a case report form
(Supporting information, Figures S1 and S2) to iden-
tify and describe PSM. All evaluations were con-
ducted retrospectively using an image bank and the
Histolog Viewer software, which enables the review
of Histolog scans on a personal desktop computer.
Each patient had separate reports for the right and
left sides, with the posterior image divided along the
midline to correspond with the respective posterolat-
eral sides. Evaluations were performed while blinded
to both the final pathology results and the assess-
ments of other participating pathologists. The decision
to recommend secondary resection per side was left
to the subjective opinion of the evaluator. Although
we initially aimed to report Gleason grading in posi-
tive FCM cases as a secondary objective, this was hin-
dered by the limitations of the Histolog technology,
such as low image resolution at high magnification.
Only two evaluators attempted to provide Gleason
grading, but both expressed low confidence in their
assessments. As a result, these findings have not been
included in the manuscript. All results were collected
in a dedicated database and analysed using R version
4.3.2, packages epiR and irrCAC.

Results

We performed the LaserSAFE image analysis on 31
patients. Table 1 shows the main clinical baseline
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Table 1. Baseline characteristics per patient

Variable N =31

Age (years), median (IQR) 55 (49.50-59.5)

PSA at diagnosis (ng/dl), Median (IQR) 5 (4.05-9.6)

Prostate volume on MRI (cc), Median (IQR) 35 (24.50-45.0)

50-99 cc (%) 4 (11.4%)

>100 cc (%) 2 (5.7%)
Extraprostatic extension on MRI, 77 (%) 3(9.7%)
Biopsy ISUP, 77 (%)

2 23 (74.2%)

3 6 (19.4%)

4 1(3.2%)

5 1(.2%)

Gland weight (g), median (IQR) 42 (38.00-52.0)

Extraprostatic extension on paraffin analysis, 7 9 (29.0%)
(%)

Final ISUP grade on paraffin analysis, 7 (%)
2 26 (83.9%)
3 5 (16.1%)

Positive margin on paraffin analysis, 7 (%) 9 (29.0%)*

Tumour volume (ml), Median (IQR) 3 (2.32-4.0)

IQR, interquartile range; PSA, prostate specific antigen; MRI, mag-
netic resonance imaging; ISUP, International Society of Urological
Pathology.

*Two patients had bilateral positive margins.

and final pathological characteristics of the patients.
Most cases were intermediate-risk according to the
EAU risk classification.?” In two cases, due to a proto-
col deviation, only one side of the prostate was
scanned, resulting in 60 FCM analysable images. In
15 patients where a non-NS surgery was performed
on at least one side (one bilaterally), we performed
the peel technique, which resulted in eight artificially
created PSMs (Figure 2). Two patients had bilateral
PSM on PA, resulting in a total of 11 prostate sides
with PSM on PA. All pathologists assessed the quality
of FCM images, including staining and artefacts, as
adequate for diagnosis in all cases.

Table 2 illustrates the accuracy metrics for the
presence of PSM by the four reviewers. Sensitivity
ranged from 73 to 91%, while specificity ranged from
94 to 100% for the presence of PSM. The length of

PSM measured on FCM ranged from 1 to 22 mm and
findings were consistent among all reviewers (Sup-
porting information, Table S1). The Fleiss-Kappa
agreement between all reviewers for the presence of
PSM was 0.779 [95% confidence interval (CI)
= 0.635-0.923] and for a clinical recommendation
on resection of the neurovascular bundle 0.748 (95%
CI = 0.577-0.92).

Regarding false negative FCM cases, all reviewers
missed the same PSM in a 148-g prostate confirmed
on PA as Gleason grade 3 + 3 for 3 mm. Addition-
ally, two reviewers missed two separate PSMs on PA
each measuring less than 3 mm. Three pathologists
reported false positive findings on FCM, primarily
attributable to small foci of ganglion cells mimicking
glandular tissue appearance. In one instance, the
presence of benign glands at the margin was con-
firmed by PA.

Discussion

To the best of our knowledge, this paper is the first
prospective evaluation of pathologists’ accuracy in
interpreting en-face FCM images of prostatectomy
specimens while blinded to conventional cross-
sectional margin status. Promisingly, we observed a
sensitivity ranging from 73 to 91% for diagnosing
PSM among four observers. Other authors exploring
FCM have reported similar findings.?® For instance,
Baas et al.?? utilised the Histolog scanner on
NeuroSAFE-like prostate shavings and reported a sen-
sitivity of 86% and specificity of 96%, aligning closely
with our results. In conjunction, this strongly sup-
ports that FCM image interpretation is accurate and
reliable in diagnosing PSM.

Rocco et al.>® have described the use of a different
FCM-based scanner (Vivascope 2500) with a Mohs-
like technique. In their study, when a PSM was
detected a partial secondary resection of the suspect
area was triggered. While we believe this method pro-
vides an interesting alternative to our technique, a
drawback is that it requires up to 5 min per sample
and the scan area is only 25 x 25 mm. In contrast,
in our study, analysing the entire posterolateral sur-
face in one step took 50 s per side.

Furthermore, previous descriptions of fluorescence
confocal microscopy (FCM) technology require cutting
the specimen to analyse the posterolateral margins,
which presents three challenges: capsular retraction
can falsely expose glandular tissue, potentially leading
to false positives;*® the procedure requires a patholo-
gist or an experienced technician to avoid damaging
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Patients undergoing
prostatectomy

n=

31

[ Peeling technique |

Non-nerve Nerve-sparing
sparing (per side) (per side)
n=16 n=44

I En-face imaging I

|

Positive margin
on PA
n=8

Negative margin
on PA
n=28

|

Positive margin
on PA
n=3

Negative margin
on PA
n=41

Figure 2. Distribution of cases according to the technique used to acquire fluorescence confocal microscopy images.

Table 2. Concordance between PA and FCM review per side

Paraffin margin status

Accuracy metrics

Positive Negative Total Sensitivity Specificity Kappa coefficient
Reviewer 1
Positive 10 1 11 0.91 (0.59-1) 0.98 (0.59-1) 0.89 (0.73-1)
Negative 1 48 49
Reviewer 2
Positive 10 3 13 0.91 (0.59-1) 0.94 (0.83-0.99) 0.79 (0.53-0.99)
Negative 1 46 47
Reviewer 3
Positive 8 1 9 0.73 (0.39-0.94) 0.98 (0.89-1) 0.76 (0.53-0.98)
Negative 3 48 51
Reviewer 4
Positive 8 0 8 0.73 (0.39-0.94) 1.00 (0.93-1) 0.81 (0.60-1)
Negative 3 49 52
Total 11 49 60

Note: Green shading hightlights true positives on FCM.

the specimen; and small samples may miss positive
surgical margins (PSM) outside the sampled area. In
contrast, the LaserSAFE technique allows for the
analysis of the entire posterolateral prostatic surface

without the need for cutting. Image acquisition can
be performed without pathological or surgical exper-
tise, consistently producing high-quality images with
minimal training.

© 2024 The Author(s). Histopathology published by John Wiley & Sons Ltd., Histopathology
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Prior investigations into FCM within the context of
RARP were constrained by a low prevalence of PSM
in the cohorts.””>! In a systematic review describing
the PSM rate during RARP, the mean prevalence of
PSM was 15%.°% This low event rate hindered the
generation of precise estimates for positive predictive
value and sensitivity.”® The peel technique described
here allowed us to observe an overall PSM rate of
29% without compromising oncological outcomes.
This proved valuable in enriching our population,
facilitating a more accurate assessment of the tech-
nique’s efficacy in ruling PSM.

It is important to recognise that while beneficial for
this study, the peel technique may produce images
that are not fully representative of margins likely to
be observed in real-life practice, where PSMs may be
less extensive. Nevertheless, in the two cases where a
PSM was observed without the peeling technique, the
length of malignant glands exposed was morphologi-
cally similar to those created by the peeling tech-
nique, albeit smaller in size (Supporting information,
Figures S1 and S2).

Despite the associated disruption of the prostate,
careful dissection and the application of additional
ink to demarcate the artificially created margin were
employed to prevent adverse effects on patient care.
This precaution was ensured by having all RARP PA
cases evaluated by a pathologist not involved in the
blinded assessment. Furthermore, adjuvant treat-
ments based on histological features are not currently
standard of care at our institution,>? thus limiting
the potential impact on patient treatment.

Limitations

Limitations of this study include the small number
of patients and the absence of a prespecified sample
size, which affects the precision of our accuracy
metrics. However, the use of multiple evaluators
enhances our confidence in the reproducibility of
the results. Another limitation is the lack of a for-
mal evaluation of the learning curve for FCM image
interpretation. Despite this, the comparable accuracy
levels achieved by pathologists of varying experience
suggest that the learning curve for identifying
malignant glands is not steep. Developing annotated
image banks such as the Atlas published by Bertoni
et al’>* will aid in disseminating the expertise
required to interpret these images. Furthermore, we
advise caution when relying on FCM for prostates
larger than 100 g, as this was the only instance
where a PSM was missed by all evaluators, due

probably to incomplete image capture during the
FCM scan.

Interest in FCM for margin assessment is growing
and we eagerly await the results of the fully powered
IP-8 study,’® which will evaluate the accuracy of
whole gland imaging against PA. One of the promis-
ing advantages of FCM is its ability to allow remote
image interpretation by pathologists. This eliminates
the need to transport samples between facilities. This
capability is particularly appealing in the current
environment of limited time and personnel resources,
which has impeded the widespread adoption of FS
analysis by many centres.>® Additionally, the use of
digital images opens the door for the development of
artificial intelligence algorithms, which could further
streamline the diagnostic process or assist in triage,
enhancing efficiency even more. Our study aligns
with the development of surgical interventions IDEAL
stage 2a,’” and we consider the LaserSAFE technique
to be fully developed and ready for evaluation in a
prospective multicentre controlled trial. Therefore, we
are conducting a feasibility study to compare the
LaserSAFE technique with NeuroSAFE (Clinicaltrials.
gov NCT06398470). These studies will provide defini-
tive evidence on how this technology can be incorpo-
rated into clinical practice.

Conclusion

In this blinded analysis of FCM-based imaging of
RARP specimens, we describe and further evaluate
the LaserSAFE technique for fast intra-operative anal-
ysis of the posterolateral NVB adjacent prostate mar-
gin. We report high sensitivity and specificity for
detecting PSM among all reviewers and substantial
interobserver agreement. These findings support the
potential of the LaserSAFE technique as an alternative
to NeuroSAFE and underscore the need for prospective
studies to compare both methods head-to-head.
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Supporting Information

Additional Supporting Information may be found in
the online version of this article:

Video S1. Video description of the peel technique
and FCM imaging process.

Figure S1. Comparison between a PSM encountered
during standard specimen processing 1.98 x 2.4 mm
(A) and PSM created by the peel technique
2.6 x 5.1 mm (B).

Figure S2. Measured length of PSM identified on
confocal microscopy across reviewers.
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