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Simple Summary: This study tested the feasibility and reliability of a novel digital microscopy tech-
nique in assessing ablation margins during partial prostate gland cryoablation. Though preliminary,
findings suggest that this novel technique may increase the efficacy of focal treatments, by reducing
the risk of untreated prostate cancer areas not visible to an MRI, as well as safety, by more precisely
sparing uninvolved areas and surrounding structures.

Abstract: Partial gland cryoablation (PGC) aims at destroying prostate cancer (PCa) foci while
sparing the unaffected prostate tissue and the functionally relevant structures around the prostate.
Magnetic Resonance Imaging (MRI) has boosted PGC, but available evidence suggests that ablation
margins may be positive due to MRI-invisible lesions. This study aimed at determining the potential
role of intraoperative digital analysis of ablation margins (DAAM) by fluoresce confocal microscopy
(FCM) of biopsy cores taken during prostate PGC. Ten patients with low to intermediate risk PCa
scheduled for PGC were enrolled. After cryo-needles placement, 76 biopsy cores were taken from
the ablation margins and stained by the urologist for FCM analysis. Digital images were sent for
“real-time” pathology review. DAAM, always completed within the frame of PGC treatment (median
time 25 min), pointed out PCa in 1/10 cores taken from 1 patient, thus prompting placement of
another cryo-needle to treat this area. Standard HE evaluation confirmed 75 cores to be cancer-free
while displayed a GG 4 PCa in 7% of the core positive at FCM. Our data point out that IDAAM is
feasible and reliable, thus representing a potentially useful tool to reduce the risk of missing areas of
PCa during PGC.

Keywords: prostate cancer; fluorescence confocal microscopy; prostate biopsy; ablation margins;
focal therapy
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1. Introduction

EAU guidelines mention partial gland cryoablation (PGC) as a minimally invasive
investigational option for the management of organ-confined prostate cancer (PCa) [1].
One of the technical challenges during PGC is to deploy multiple cryo-needles to form an
ablation zone sufficiently covering the target volume while sparing surrounding critical
structures. Historically, physicians relied on digital rectal examination (DRE) and template
prostate biopsy results to plan the cryo-needles placement. The multifocal nature of PCa
and the suboptimal prostate sampling obtained using template biopsies, however, limited
the widespread use of PGC and supported treatment of the entire gland or at least half
of it (hemigland ablation) to achieve wide safety margins. Even so, up to 15% of patients
having undergone hemigland cryoablation experienced treatment failure at 5 years of
follow-up [2]. The availability of multiparametric Magnetic Resonance Imaging (MRI) has
boosted PGC. Indeed, the combination of MRI and target biopsy have been proved to be
superior to template prostate biopsy alone in identifying lobes with significant PCa for the
application of hemi-ablative focal therapies [3].

Recent studies reported encouraging mid-term results in cohorts of patients undergo-
ing MRI-guided focal therapies [4,5]. Still, MRI reader experience [6], MRI-invisible lesions,
and targeting errors in placing the cryo-needles [7] can lead to positive ablation margins
impacting PGC outcomes.

Recently, a novel technology has shown promise for the real-time microscopic evalua-
tion of prostate tissue [8]. Fluorescent confocal microscopy (FCM) allows the immediate
acquisition of digital images in a hematoxylin-eosin (HE)-like fashion without conventional
processing and its attendant time and resource requirements. In the preliminary stud-
ies, FCM provided an excellent discrimination performance compared to HE for prostate
biopsy cores and peri-prostatic tissue evaluation [9,10].

This pilot study aimed at determining feasibility and reliability of intraoperative FCM
in assessing ablation margins during PGC.

2. Materials and Methods
2.1. Study Population

Following ethics committee approval (University of Foggia, approval number 143/CE/
2020), ten patients with clinically localized low to intermediate risk PCa (PSA ≤ 20.0 ng/mL,
Gleason Group (GG) ≤ 3) scheduled for PGC between September and November 2020 were
enrolled in this prospective study evaluating intraoperative digital analysis of ablation
margins (DAAM) by FCM. Patients with high-risk PCa (PSA > 20.0 ng/mL, GG > 3)
and those who received any prior treatments for malign and benign prostatic disease
were excluded.

All patients meeting inclusion and exclusion criteria signed an informed consent form.

2.2. Multiparametric Magnetic Resonance Imaging and Prostate Biopsy Technique

A prebiopsy mpMRI was performed and interpreted by a single dedicated radiologist
(7 years’ experience in prostate MRI) according to PIRADS V2.1 recommendation [11].
Specifically, the mpMRI protocol consisted of: (a) Turbo-Spin-Echo (TSE) T2-weighed
imaging in axial, coronal, and sagittal planes (repetition time (TR) 5300, echo time (TE)
150 ms, slice thickness 3 mm, field of view (FOV) 180 × 180, number of signals averaged
(NSA 8); (b) TSE T1-weighed imaging in the axial plane (TR/TE 400–650/12 ms, thickness
3 mm, FOV 180×180, NSA 3); (c) Diffusion-weighted imaging sequence (DWI) in the axial
plane (TR/TE 3481/92 ms, slice thickness 3 mm, FOV 180 × 220, NSA 4, b-values 0–500–
1000–1500/2000 sec/mm2); (d) Dynamic contrast enhanced prostate MRI was performed
using a T1-weighted high-resolution isotropic volume examination (THRIVE) on the axial
plane (TR/TE 4.5/2.2 ms, slice thickness 3 mm, FOV 184 × 220, NSA 1) following injection
of 0.1 mL/kg of gadobutrol followed by 20 mL of saline solution using an automatic
injector at a rate of 2 mL/s. All patients underwent prostate biopsy at our institution with
2 to 4 target cores to any MRI suspicious lesion in addition to our 18 cores systematic
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template [12]. An Electromagnetically Tracked MRI/US Fusion system (Navigo, UC-Care,
Tampa, FL, USA) was used to performed target sampling.

2.3. Prostate Gland Cryoablation with Intraoperative Digital Analysis of Ablation Margins
(DAAM)

Based on mpMRI findings and biopsy results, two to four 2.4 mm cryo-needles were
inserted transperineally using a template grid and with the help of an Electromagnetically
Tracked MRI/US Fusion system (Navigo, UC-Care, Tampa, FL, USA). Prostate Cryoablation
was performed using an argon/helium gas-based system (Endocare, HeathTonics Inc.,
Austin, TX, USA). After the creation of the ice balls, 7 to 10 biopsy cores, depending on
prostate volume, were taken transperineally from ablation margins and untreated areas of
the prostate (Figure 1). In order to avoid potential tissue damage, cores were taken outside
ice balls. A single surgeon performed PGC and intraoperative prostate biopsies (OS).
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Figure 1. Graph representation of treatment plan and biopsy core template for patients undergoing focal or
hemigland cryoablation.

The cores were prepared for FMC (VivaScope® 2500 M-G4, VivaScope GmbH, Munich,
Germany) in the operating room by a urologist (UF) following the manufacturer guidelines.
A glass slide is loaded with three biopsy cores and then scanned within a maximum time of
2 min. Sample preparation and image acquisition do not require special training. Samples
are first cleaned using 70% Ethanol solution and then colored using Acridine Orange
(1/50 solution in distilled water for 20–30 seconds). There are no specific requirements for
the cores (e.g., length, diameter, thickness, integrity); however, to reduce acquisition time,
care needs to be taken to place each biopsy core parallel or perpendicular to the slide axis.
The FCM device combines two different lasers that enable tissue examination according
to reflectance (785 nm) and fluorescence (488 nm) modalities. Images are rendered by the
microscope software as pseudo-Hematoxylin-eosin (HE) images, relying on the combina-
tion of two images acquired at each wavelength. Specifically, nuclei appear purple, and
collagen and cytoplasm appear pink.

The obtained digital FCM images were sent for “real-time” pathology review to a
dedicated uropathologist (FS). Prostate Cryoablation was completed with no adjustments
in patients with negative ablation margins. Conversely, if one or more cores were positive
at FCM evaluation, the surgical plan was modified in order to ensure treatment of all
cancer areas.
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2.4. Final Pathology Examination

Biopsy cores were then fixed, stained using standard hematoxylin & eosin (HE), and
sent to the pathology department for final diagnosis. A second dedicated uropathologist,
blinded to clinical information and digital biopsy results, reported all PB specimens ac-
cording to the 2019 ISUP recommendations [13] and diagnostic criteria for high-grade
prostatic intraepithelial neoplasia and atypical small acinar proliferation of prostate [14].
ISUP Gleason-grade groups (ISUP GG) were reported per each core.

2.5. Study Endpoints and Statistical Analysis

The primary endpoint of the present study was time for FCM diagnosis. The secondary
endpoint was the efficacy of FCM as measured by the agreement between digital biopsies
and standard HE evaluation in the assessment of PCa. Surgical and intraoperative biopsy
complications were reported using the Clavien-Dindo Classification [15]. Finally, PSA
values at three months after therapy were used to compute the percentage of PSA reduction
(derived from the ratio between PSA at three months and preoperative PSA) [16].

Descriptive statistics were performed using Stata 14 (StataCorp LP, College Station,
TX, USA).

3. Results

Descriptive characteristics of the study population are listed in Table 1. Four patients
with biopsy-proven MRI-visible GG1-2 PCa were treated with focal Cryoablation. The
remaining patients with unilateral non-MRI-visible PCa underwent prostate hemiablation
according to the SPARED guidelines [17]. In total, 76 cores were taken and analyzed using
FCM (Figure 2). The median time for FCM diagnosis was 25 (IQR: 25, 27) min, with DAAM
being always completed before the conclusion of the two treatment cycles. DAAM was
negative in 9 patients, whereas in one patient with a preoperative diagnosis of low volume
(two cores) GG 2 PCa, it pointed out PCa in 1 of 10 cores from the ablation margin area (left
medial posterior core). A third cryo-needle was then placed to treat this positive core. The
post-operative stay was uneventful, and all patients were discharged on post-operative
day 1 with a urethral catheter removed on post-operative day 7. The median PSA drop at
three months was 5.7 (IQR: 4.7, 6.6) ng/mL. The median percentage of PSA reduction was
79.0 (78.0, 85.0).

Table 1. Descriptive characteristics of the study population.

Study Population
(N = 10)

Age, years 70 (68, 73)
PSA, ng/mL 6.9 (6.2, 8.9)
DRE, n (%)
Negative 4 (40.0%)
Positive 6 (60.0%)

PIRADS, n (%)
2 2 (20.0%)
3 2 (20.0%)
4 4 (40.0%)
5 2 (20.0%)

Prostate Volume, cc 41.5 (40.0, 50.0)
Positive cores 3.5 (3.0, 5.0)
Bx GG, n (%)

1 4 (40.0%)
2 4 (40.0%)
3 2 (20.0%)
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Table 1. Cont.

Study Population
(N = 10)

EAU risk, n (%)
Low risk 3 (30.0%)

Intermediate Risk 7 (70.0%)
Treatment, n (%)

Focal ablation 4 (40.0%)
Hemigland Ablation 6 (60.0%)

N of Probes 3.5 (2.0, 4.0)
Intraoperative cores, n (%)

7 8 (80.0%)
10 2 (20.0%)

Time to FCM diagnosis 25 (25, 27)
3-month PSA, ng/mL 1.4 (1.0, 1.6)

PSA drop, ng/mL 5.7 (4.7, 6.6)
Percentage of PSA reduction 79.0 (78.0, 85.0)
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Figure 2. Digital Biopsy images. High-resolution pictures allow zooming into focal areas to better evaluate the architecture
of the prostatic gland. (A) Negative core and zoom into normal gland architecture. (B) Positive core, Gleason Grade Group 4,
pattern 4.

Standard HE evaluation confirmed 75 cores to be cancer-free while displayed a GG 4
PCa in 7% of the core positive at FCM.

4. Discussion

To our knowledge, this is the first study testing the potential role of intraoperative
digital analysis of ablation margins (DAAM) by fluorescence confocal microscopy during
prostate PGC. This novel technique holds promises to revolutionize PCa diagnosis and
treatment by potentially replacing traditional frozen sections.

Other optical technologies allowing real-time microscopic evaluation of cancer tissue
have been recently described and can be divided into two main groups. Conventional
confocal microscopy is the most cost-effective option. UV light-emitting diode and other
lasers with different wavelengths have been tested for real-time microscopic examination of
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fresh tissue taken from different cancers (mainly skin, prostate, and breast cancer) [18–21].
The technical process for image acquisition is the same; all light sources provided optimal
quality images; however, comparative studies are lacking.

On the other hand, multiphoton microscopy involves an ultrafast (typically femtosec-
ond pulse duration) laser source to achieve the extremely high photon density at the focal
plane needed to excite two-photon absorption-based fluorescence [22,23]. This technique
achieves a considerably higher imaging depth (using near-infrared wavelengths) with
comparable image resolution, but it is limited by longer acquisition times and much higher
costs of the microscope.

While the best technique for image acquisition is still a matter of debate, the relevance
of the intraoperative analysis of prostatic tissue was clearly pointed out by the NeuroSAFE
dissection technique, which was developed to maximize the preservation of periprostatic
tissue during nerve-sparing radical prostatectomies [24]. While the patient is still under
general anesthesia, the posterolateral aspect of the prostate is prepared using a cryostat,
stained with HE, and analyzed under the microscope by a dedicated pathologist on-site.
If persisting malignant glands are noted, a secondary resection of the ipsilateral bundle
is performed. Though promising, it required a dedicated setup to obtain a diagnosis in a
reasonable time [25].

To overcome these limitations, Rocco et al. proposed using FCM for real-time assess-
ment of surgical margins during radical prostatectomy, reporting excellent results [10].
Indeed, the pathologist provided results from remote in less than 25 min, and there was
perfect agreement between FCM and subsequent HE findings.

FCM may be even more crucial in the context of focal therapies. Indeed, frozen
sections are not a viable option, and FCM is the fastest technique allowing the preservation
of biopsy cores for further HE staining, immunohistochemistry/genomic studies.

The two studies tested the feasibility and diagnostic accuracy of FCM onto prostate
biopsy cores rather than surgical margins. Rocco et al. obtained digital images of biopsy
cores in 54 patients; perfect agreement between FCM and HE diagnosis was obtained for
95.1% of the 427 tested cores [9]. Similarly, Marenco et al. tested by FCM 182 MRI-targeted
biopsy cores obtained in 57 biopsy-naive patients. The median time for FCM processing
and analysis was 5 minutes; the positive and negative predictive values were 85% and 95%,
respectively [26].

The present study confirmed the perfect agreement between FCM and standard HE
findings, with FCM not affecting at all the quality of HE images in all 76 taken cores.

Our findings open novel perspectives on focal therapies since real-time detection of
PCa in the ablation margins is likely to dramatically reduce the risk of undertreatment and,
therefore, of disease recurrence. All patients included in the present study had a reduction
of PSA > 75% at three months of follow-up. Even if the percentage of PSA reduction
represents only a surrogate of the oncological outcome, Stabile et al. recently showed it is
inversely associated with disease recurrence and the need for additional treatment, thus
potentially useful as a proxy of treatment efficacy [16].

The small sample size and short-term follow-up are obvious limitations of this pilot
study which, however, provides solid grounds for further evaluation of DAAM in the
setting of focal PCa treatments.

5. Conclusions

Intraoperative DAAM by FCM proved to be feasible and reliable. This strategy poten-
tially allows to reduce disease recurrence by extending treatment to previously unsuspected
areas of PCa as well as to reduce functional complications by limiting treatment to the
affected areas while sparing surrounding structures.



Cancers 2021, 13, 4382 7 of 8

Author Contributions: Conceptualization, O.S., U.G.F., B.R., L.C. and G.C.; Data curation, U.G.F.,
S.M.B., M.R., F.S., P.M. and L.M.; Formal analysis, U.G.F.; Methodology, O.S., S.M.B., M.C.S., F.S., E.B.
and F.L.; Supervision, L.M., B.R., L.C. and G.C.; Validation, M.R.; Writing–original draft, O.S. and
U.G.F.; Writing–review & editing, M.C.S., F.S., A.R.R., R.S.-S., E.B. and L.C. All authors have read and
agreed to the published version of the manuscript.

Funding: This paper has been published as open access with the financial support of the Dept. of
Medical and Surgical Sciences of the University of Foggia. Our funding source was not involved in
any of the steps of the study.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of the University of Foggia,
143/CE/2020, 30 November 2020.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data supporting reported results can be obtained upon reasonable
request to the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Mottet, N.; van den Bergh, R.C.N.; Briers, E.; Cornford, P.; De Santis, M.; Fanti, S.; Gillessen, S.; Grummet, J.; Henry, A.M.; Lam,

T.B.; et al. EAU-ESTRO-ESUR-SIOG Guidelines on Prostate Cancer 2020. In European Association of Urology Guidelines; European
Association of Urology Guidelines Office: Arnhem, The Netherlands, 2020.

2. Oishi, M.; Gill, I.S.; Tafuri, A.; Shakir, A.; Cacciamani, G.E.; Iwata, T.; Iwata, A.; Ashrafi, A.; Park, D.; Cai, J.; et al. Hemigland
Cryoablation of Localized Low, Intermediate and High Risk Prostate Cancer: Oncologic and Functional Outcomes at 5 Years. J.
Urol. 2019, 202, 1188–1198. [CrossRef] [PubMed]

3. Tran, M.; Thompson, J.; Bohm, M.; Pulbrook, M.; Moses, D.; Shnier, R.; Brenner, P.; Delprado, W.; Haynes, A.M.; Savdie, R.; et al.
Combination of multiparametric MRI and transperineal template-guided mapping biopsy of the prostate to identify candidates
for hemi-ablative focal therapy. BJU Int. 2016, 117, 48–54. [CrossRef] [PubMed]

4. Shah, T.T.; Peters, M.; Eldred-Evans, D.; Miah, S.; Yap, T.; Faure-Walker, N.A.; Hosking-Jervis, F.; Thomas, B.; Dudderidge, T.;
Hindley, R.G.; et al. Early-Medium-Term Outcomes of Primary Focal Cryotherapy to Treat Nonmetastatic Clinically Significant
Prostate Cancer from a Prospective Multicentre Registry. Eur. Urol. 2019, 76, 98–105. [CrossRef]

5. Chuang, R.; Kinnaird, A.; Kwan, L.; Sisk, A.; Barsa, D.; Felker, E.; Delfin, M.; Marks, L. Hemigland Cryoablation of Clinically
Significant Prostate Cancer: Intermediate-Term Followup via Magnetic Resonance Imaging Guided Biopsy. J. Urol. 2020, 204,
941–949. [CrossRef]

6. Wajswol, E.; Winoker, J.S.; Anastos, H.; Falagario, U.; Okhawere, K.; Martini, A.; Treacy, P.J.; Voutsinas, N.; Knauer, C.J.; Sfakianos,
J.P.; et al. A cohort of transperineal electromagnetically tracked magnetic resonance imaging/ultrasonography fusion-guided
biopsy: Assessing the impact of inter-reader variability on cancer detection. BJU Int. 2019, 125, 531–540. [CrossRef]

7. Moreira, P.; Tuncali, K.; Tempany, C.M.; Tokuda, J. The Impact of Placement Errors on the Tumor Coverage in MRI-Guided Focal
Cryoablation of Prostate Cancer. Acad. Radiol. 2020, 28, 841–848. [CrossRef]

8. Bertoni, L.; Puliatti, S.; Reggiani Bonetti, L.; Maiorana, A.; Eissa, A.; Azzoni, P.; Bevilacqua, L.; Spandri, V.; Kaleci, S.; Zoeir, A.;
et al. Ex vivo fluorescence confocal microscopy: Prostatic and periprostatic tissues atlas and evaluation of the learning curve.
Virchows Arch. 2020, 476, 511–520. [CrossRef]

9. Rocco, B.; Sighinolfi, M.C.; Sandri, M.; Spandri, V.; Cimadamore, A.; Volavsek, M.; Mazzucchelli, R.; Lopez-Beltran, A.; Eissa, A.;
Bertoni, L.; et al. Digital Biopsy with Fluorescence Confocal Microscope for Effective Real-time Diagnosis of Prostate Cancer: A
Prospective, Comparative Study. Eur. Urol. Oncol. 2020, S2588–S9311. [CrossRef]

10. Rocco, B.; Sighinolfi, M.C.; Cimadamore, A.; Reggiani Bonetti, L.; Bertoni, L.; Puliatti, S.; Eissa, A.; Spandri, V.; Azzoni, P.;
Dinneen, E.; et al. Digital frozen section of the prostate surface during radical prostatectomy: A novel approach to evaluate
surgical margins. BJU Int. 2020, 126, 336–338. [CrossRef]

11. Turkbey, B.; Rosenkrantz, A.B.; Haider, M.A.; Padhani, A.R.; Villeirs, G.; Macura, K.J.; Tempany, C.M.; Choyke, P.L.; Cornud, F.;
Margolis, D.J.; et al. Prostate Imaging Reporting and Data System Version 2.1: 2019 Update of Prostate Imaging Reporting and
Data System Version 2. Eur. Urol 2019, 76, 340–351. [CrossRef] [PubMed]

12. Cormio, L.; Lucarelli, G.; Selvaggio, O.; Di Fino, G.; Mancini, V.; Massenio, P.; Troiano, F.; Sanguedolce, F.; Bufo, P.; Carrieri, G.
Absence of Bladder Outlet Obstruction Is an Independent Risk Factor for Prostate Cancer in Men Undergoing Prostate Biopsy.
Medicine 2016, 95, e2551. [CrossRef] [PubMed]

13. van Leenders, G.; van der Kwast, T.H.; Grignon, D.J.; Evans, A.J.; Kristiansen, G.; Kweldam, C.F.; Litjens, G.; McKenney, J.K.;
Melamed, J.; Mottet, N.; et al. The 2019 International Society of Urological Pathology (ISUP) Consensus Conference on Grading
of Prostatic Carcinoma. Am. J. Surg. Pathol. 2020, 44, e87–e99. [CrossRef]

http://doi.org/10.1097/JU.0000000000000456
http://www.ncbi.nlm.nih.gov/pubmed/31347953
http://doi.org/10.1111/bju.13090
http://www.ncbi.nlm.nih.gov/pubmed/25682968
http://doi.org/10.1016/j.eururo.2018.12.030
http://doi.org/10.1097/JU.0000000000001133
http://doi.org/10.1111/bju.14957
http://doi.org/10.1016/j.acra.2020.07.013
http://doi.org/10.1007/s00428-019-02738-y
http://doi.org/10.1016/j.euo.2020.08.009
http://doi.org/10.1111/bju.15108
http://doi.org/10.1016/j.eururo.2019.02.033
http://www.ncbi.nlm.nih.gov/pubmed/30898406
http://doi.org/10.1097/MD.0000000000002551
http://www.ncbi.nlm.nih.gov/pubmed/26886598
http://doi.org/10.1097/PAS.0000000000001497


Cancers 2021, 13, 4382 8 of 8

14. Sanguedolce, F.; Cormio, A.; Musci, G.; Troiano, F.; Carrieri, G.; Bufo, P.; Cormio, L. Typing the atypical: Diagnostic issues and
predictive markers in suspicious prostate lesions. Crit. Rev. Clin. Lab. Sci. 2017, 54, 309–325. [CrossRef]

15. Mitropoulos, D.; Artibani, W.; Biyani, C.S.; Bjerggaard Jensen, J.; Roupret, M.; Truss, M. Validation of the Clavien-Dindo Grading
System in Urology by the European Association of Urology Guidelines Ad Hoc Panel. Eur. Urol. Focus 2018, 4, 608–613. [CrossRef]
[PubMed]

16. Stabile, A.; Orczyk, C.; Giganti, F.; Moschini, M.; Allen, C.; Punwani, S.; Cathala, N.; Ahmed, H.U.; Cathelineau, X.; Montorsi,
F.; et al. The Role of Percentage of Prostate-specific Antigen Reduction After Focal Therapy Using High-intensity Focused
Ultrasound for Primary Localised Prostate Cancer. Results from a Large Multi-institutional Series. Eur. Urol. 2020, 78, 155–160.
[CrossRef] [PubMed]

17. Gross, M.D.; Sedrakyan, A.; Bianco, F.J.; Carroll, P.R.; Daskivich, T.J.; Eggener, S.E.; Ehdaie, B.; Fisher, B.; Gorin, M.A.; Hunt, B.;
et al. SPARED Collaboration: Patient Selection for Partial Gland Ablation in Men with Localized Prostate Cancer. J. Urol. 2019,
202, 952–958. [CrossRef]

18. Fereidouni, F.; Harmany, Z.T.; Tian, M.; Todd, A.; Kintner, J.A.; McPherson, J.D.; Borowsky, A.D.; Bishop, J.; Lechpammer, M.;
Demos, S.G.; et al. Microscopy with ultraviolet surface excitation for rapid slide-free histology. Nat. Biomed. Eng. 2017, 1, 957–966.
[CrossRef]

19. Glaser, A.K.; Reder, N.P.; Chen, Y.; McCarty, E.F.; Yin, C.; Wei, L.; Wang, Y.; True, L.D.; Liu, J.T.C. Light-sheet microscopy for
slide-free non-destructive pathology of large clinical specimens. Nat. Biomed. Eng. 2017, 1, 1–10. [CrossRef] [PubMed]

20. Wong, T.T.W.; Zhang, R.; Hai, P.; Zhang, C.; Pleitez, M.A.; Aft, R.L.; Novack, D.V.; Wang, L.V. Fast label-free multilayered
histology-like imaging of human breast cancer by photoacoustic microscopy. Sci. Adv. 2017, 3, e1602168. [CrossRef]

21. Assayag, O.; Antoine, M.; Sigal-Zafrani, B.; Riben, M.; Harms, F.; Burcheri, A.; Grieve, K.; Dalimier, E.; Le Conte de Poly, B.;
Boccara, C. Large field, high resolution full-field optical coherence tomography: A pre-clinical study of human breast tissue and
cancer assessment. Technol. Cancer Res. Treat. 2014, 13, 455–468. [CrossRef]

22. Tao, Y.K.; Shen, D.; Sheikine, Y.; Ahsen, O.O.; Wang, H.H.; Schmolze, D.B.; Johnson, N.B.; Brooker, J.S.; Cable, A.E.; Connolly, J.L.;
et al. Assessment of breast pathologies using nonlinear microscopy. Proc. Natl. Acad. Sci. USA 2014, 111, 15304–15309. [CrossRef]
[PubMed]

23. You, S.; Sun, Y.; Chaney, E.J.; Zhao, Y.; Chen, J.; Boppart, S.A.; Tu, H. Slide-free virtual histochemistry (Part II): Detection of field
cancerization. Biomed. Opt. Express 2018, 9, 5253–5268. [CrossRef] [PubMed]

24. Schlomm, T.; Tennstedt, P.; Huxhold, C.; Steuber, T.; Salomon, G.; Michl, U.; Heinzer, H.; Hansen, J.; Budaus, L.; Steurer, S.;
et al. Neurovascular structure-adjacent frozen-section examination (NeuroSAFE) increases nerve-sparing frequency and reduces
positive surgical margins in open and robot-assisted laparoscopic radical prostatectomy: Experience after 11,069 consecutive
patients. Eur. Urol. 2012, 62, 333–340. [CrossRef]

25. Mirmilstein, G.; Rai, B.P.; Gbolahan, O.; Srirangam, V.; Narula, A.; Agarwal, S.; Lane, T.M.; Vasdev, N.; Adshead, J. The neu-
rovascular structure-adjacent frozen-section examination (NeuroSAFE) approach to nerve sparing in robot-assisted laparoscopic
radical prostatectomy in a British setting—A prospective observational comparative study. BJU Int. 2018, 121, 854–862. [CrossRef]
[PubMed]

26. Marenco, J.; Calatrava, A.; Casanova, J.; Claps, F.; Mascaros, J.; Wong, A.; Barrios, M.; Martin, I.; Rubio, J. Evaluation of Fluorescent
Confocal Microscopy for Intraoperative Analysis of Prostate Biopsy Cores. Eur. Urol. Focus 2020. [CrossRef]

http://doi.org/10.1080/10408363.2017.1363155
http://doi.org/10.1016/j.euf.2017.02.014
http://www.ncbi.nlm.nih.gov/pubmed/28753862
http://doi.org/10.1016/j.eururo.2020.04.068
http://www.ncbi.nlm.nih.gov/pubmed/32444261
http://doi.org/10.1097/JU.0000000000000357
http://doi.org/10.1038/s41551-017-0165-y
http://doi.org/10.1038/s41551-017-0084
http://www.ncbi.nlm.nih.gov/pubmed/29750130
http://doi.org/10.1126/sciadv.1602168
http://doi.org/10.7785/tcrtexpress.2013.600254
http://doi.org/10.1073/pnas.1416955111
http://www.ncbi.nlm.nih.gov/pubmed/25313045
http://doi.org/10.1364/BOE.9.005253
http://www.ncbi.nlm.nih.gov/pubmed/30460126
http://doi.org/10.1016/j.eururo.2012.04.057
http://doi.org/10.1111/bju.14078
http://www.ncbi.nlm.nih.gov/pubmed/29124889
http://doi.org/10.1016/j.euf.2020.08.013

	Introduction 
	Materials and Methods 
	Study Population 
	Multiparametric Magnetic Resonance Imaging and Prostate Biopsy Technique 
	Prostate Gland Cryoablation with Intraoperative Digital Analysis of Ablation Margins (DAAM) 
	Final Pathology Examination 
	Study Endpoints and Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

