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Fluorescence confocal microscopy (FCM) represents a novel diagnostic technique able to provide real-time
histological images from non-fixed specimens. As a consequence of its recent developments, FCM is gaining
growing popularity in urological practice.
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| 1. Introduction

Fluorescence confocal microscopy (FCM) is an imaging technique that provides real-time digital images of fresh
tissue, without the need for further conventional pathology. It allows real-time microscopic examination with the

high-resolution visualization of cells and structures.

Confocal microscopy was first described by Marvin Minsky in 1957 . The key to confocal approach is the
elimination of out-of-focus light (also known as flare) by scanning a point source of light across the specimen and
using a pinhole to eliminate the out-of-focus light from the detector. When compared to a conventional wide field
light microscope, the confocal microscope provides an increase in both the maximum lateral resolution (0.5 pm vs.

0.25 pym) and the maximum axial resolution (1.6 ym vs. 0.7 pm) &,

It can be used in reflectance (RCM) or fluorescence mode (FCM): RCM is based on the reflection of light from
different components of cellular structures, while FCM involves the visualisation of fluorophores to characterise
cellular details. FCM harnesses external dyes to obtain fluorescence contrast. To date, the most widely used is
Acridine Orange, which binds specifically to DNA thus allowing a clear visualization of the nuclei under the
fluorescent laser. Images are obtained in a haematoxylin and eosin (H&E) digital staining, which facilitates the
interpretation by pathologists and surgeons. CFM has been approved for clinical use in gastroenterology and
pulmonology, specifically for the evaluation of Barrett's oesophagus, pancreaticobiliary diseases, gastric cancer,
and other pathological conditions B4 |t has also been applied in dermatology, where it is currently used to

determine positive margins of basal cell and squamous cell carcinoma during Mohs surgery (€,
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The use of fluorescence confocal microscopy is also spreading in urological practice. Over the last ten years
various applications have been explored in a bid to validate a useful diagnostic tool able to aid both intraoperative
decision making and office followup L&,

Considering the urothelial carcinoma (UC) scenario, FCM has been investigated in both bladder cancer (BC) and
upper-tract urothelial carcinoma (UTUC). Confocal laser endomicroscopy (CLE) is a unique optical imaging
technology that can provide real-time and high-resolution imaging of the cellular architecture and the morphology of
mucosal lesions. Its use during transurethral resection of bladder tumours (TURBT) or cystoscopy provides the
surgeon with useful histological information and represents a promising technique for conservative BC
management B9 CLE is a reliable and accurate technique in BC diagnosis 2. Furthermore, CLE can be
performed in patients with UTUC during ureteroscopy 131, In regard to prostatic specimens’ interpretation, CFM has
been applied both in the office setting to study biopsy cores as well as intraoperatively to evaluate surgical margins
during radical prostatectomy 1415 CFM has also been successfully applied for a real-rime diagnosis of renal cell
carcinoma (RCC) [18],

2. Fluorescence Confocal Microscopy in Urological
Malignancies

2.1. Bladder Cancer

BC is a heterogeneous disease encompassing non-muscle-invasive (NMIBC) and muscle-invasive BC (MIBC) and
entailing very heterogeneous managements and prognoses LA[L8ILN201121] The results regarding CFM applications

in BC detection are reported in Table 1.

Table 1. Confocal microscopy in BC.

Author Year I(D:t) Setting S;:SF&A m Procedure Se. (%) Sp. (%) PPV (%) NPV (%) Oultvtl:?)lll:l es
91.7 73.9 93.6 68.0
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1. Minsky, M. Memoir on Inventing the Confocal Scanning Microscope. Scanning 1988, 10, 128—
138.

2. Paddock, S.W.; Eliceiri, K.W. Laser Scanning Confocal Microscopy: History, Applications, and
Related Optical Sectioning Techniques. In Confocal Microscopy: Methods and Protocols; Humana

Ab%?é?g?ﬂ%%%@'ﬁ@‘?ﬁ@hfﬂiﬁpﬁp%M?_Confocal microscopy; Se. = sensitivity; Sp. = specificity; PPV =

positive predictive value; NPV = negative predictive value; TURB = transurethral resection of the bladder; CLE =
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M.C.; Chester J.; KaIeC| S.;etal. Ex Vivo FIuorescence Confocal Mlcroscopy The Flrst
Application for Real-Time Pathological Examination of Prostatic Tissue. BJU Int. 2019, 124, 469—
476.
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Confocal Laser Endomicroscopy of Small Renal Masses: Toward Real-Time Optical Diagnostic
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NR
Gobbo (75
(32] AV biopsy

slides)
lial

2 CFM and H&E 0,A.
concordance
was evaluated T+
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baara, J.; LIao, J.C.; van Leeuwen, 1.G.; de Keijke, 1.\vl.; ae pruin, p.ivl. valaaton ot conrocal
Laser Endomicroscopy Features of Bladder Cancer: The Next Step Towards Real-Time Histologic
Grading. Eur. Urol. Focus. 2020, 6, 81-87.
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2.5. Summary
40. Gladkova, N.; Kiseleva, E.; Streltsova, O.; Prodanets, N.; Snopova, L.; Karabut, M.; Gubarkova,

CFid. refagserowm, imndvambinad bisadlElialesoenae frydtesaopylamnt GiostefodmzatissmeE TOespite
beib}jaginesiseaiia Fadd erdaiee hppiit &tione toshwid isemBaahisioahantcad MarkssridnBigpintopes
repdfdd, e daBdin§YFM in vivo applications, the reports mainly focused on surgical margins’ evaluation and real-
AR YCRERR RSB0 1R ORI RIATEES HE B BOIGRENSS, BB NGNS gded pavers
Neﬁ%ﬁﬂ%ﬁ%’l %%B?SS 3%%”515”51@5%@%”&&irﬁ'g\{a,&i%'gv?/r?dshcept in Confocal Laser Endomicroscopy. J.
Endourol. 2017, 31, 538-544.

fas%c\)/gi%gogr]a%%p gs/{seens%;leorﬁe%%i%%gﬁgtr r’féisé %gh%vgls zl%wz/ggtigated topics in the BC setting. In their paper,
Chang et al. first proposed diagnostic criteria for BC grading based on CLE features 9 cellular,
microarchitectural, and vascular characteristics in CFM images were collected and evaluated. The comprehensive
evaluation of the histological pattern provided a real-time grading for BC. Interestingly, high interobserver
agreement was documented after only short training sessions with optical biopsies’ images. CLE was surprisingly

easily performed and interpreted by novice observers.

Incomplete TURBT represents one of the main concerns in BC operative management 25 some reports evaluated

CLE’s ability to distinguish between normal urothelial mucosa and cancerous residual tissue (22][23][24] * Thjs
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potential may be intraoperatively harnessed to assess resection margins’ status, potentially providing survival
benefits. Lee et al. reported a recurrence-free survival advantage for the CLE-aided TURBT cohort compared to
the WLC-only group [22. Nevertheless, larger studies with long-term followup are required to definitively assess the

actual impact of CLE on RFS.

Currently, European Association of Urology (EAU) guidelines recommend adopting a kidney-sparing surgical
approach for low-risk and selected cases of high-risk UTUC (8. |n this setting, CLE may represent a valuable
supportive tool to enhance patients’ conservative management. In vivo CLE experiences during ureteroscopies
have been reported. As for BC, real-time CLE-based UTUC grade assessment was the most reported outcome.
Variable rates have been described for diagnostic outcomes: Sanguedolce et al. reported a relatively low
concordance rate between CLE and biopsy at final pathology (71.4%) 28, Nonetheless, the same authors reported
a 100% Se for high-grade lesion detection. Conversely, Freund et al. described a high concordance between CLE
and the final histology for both low-grade and high-grade lesions (90% and 86%, respectively) BZ. The main CLE

cytological and microarchitectural features have been reported by the same authors.

As previously reported, CFM applications have also been explored in PCa. Both in-office and intraoperative
settings have been explored. Notably, the sensitivity and NPV were generally slightly higher for PCa optical
biopsies as compared to BC and UTUC. Remarkably, both Marenco and Rocco reported higher NPV for CFM as
compared to traditional H&E histological assessments (95.1% and 96.7%, respectively) [EI38] Both authors
evaluated concordance at prostate biopsies for PCa diagnosis. However, the Se did not reach comparably high

rates.

Today, novel cutting-edge technologies have been proposed in multiple urological fields: for instance, even though
recently developed, PSMA-radioguided surgery might dramatically change PCa management in the next future. On
the other hand, fluorescence-guided technologies are already routinely employed to enhance BC detection at the
time of TURBT 2, Likewise, CFM might be included as part of a multimodal surgical strategy alongside with these
innovative procedures. To date, successful attempts to combine fluorescence imaging and optical biopsies have
been reported for BC: Gladkova et al. first described the combination of fluorescence cystoscopy and cross
polarization optical coherence tomography in 2013 2%, More recently, Marien et al. proposed the combination of
CLE and PDD to enhance BC detection 41, Therefore, optical biopsies may contribute to the ongoing paradigm
shift towards precision surgery: in particular, CFM-driven real-time assessment of excisional surgical margins might

provide potential survival improvements.
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