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a B S T r a C T
BACKGROUND: Routine processing of prostate biopsies requires conventional steps that usually take a few days. The 
aim of this study was to validate the use of fluorescence laser confocal microscopy (FCM) for real-time diagnostics.
METHODS: We prospectively tested images from prostate needle biopsies (75 images were evaluated by FCM and 
conventional slides). Two pathologists reviewed the images and assessed agreements between FCM versus conventional 
slides and between pathologists (κ-values). Interpretation was performed on digital images from the VivaScope 2500 
confocal microscope (MAVIG GmbH, Munich, Germany; Caliber I.D., Rochester, NY, USA) placed in the urological 
operating room. Cancerous versus benign tissue was the primary focus, then the application of the grading system.
RESULTS: Cancer was diagnosed in 24 conventional slides (on 75 images) in which agreement among pathologists was 
high for both conventional (κ=0.96) and FMC (κ=0.84). 1/24 (4%) was ISUP/WHO grade group I, 12/24 (50%) II, 8/24 
(33%) III, 2/24 (8%) IV and 1/24 (4%) grade V. Near perfect agreement was obtained for grades I, IV and V (κ=0.85). 
Grade III values achieved a moderate agreement (κ=0.55). The mean time for laser scanning was 9 minutes. For the 
remaining non-tumor images, agreement was nearly perfect (κ=0.81).
CoNClUSioNS: We validated the use of FCM for real-time cancer detection in prostate biopsies.
(Cite this article as: gobbo S, eccher a, gallina S, d’aietti d, princiotta a, ditonno F, et al. Validation of real-time prostatic 
biopsies evaluation with fluorescence laser confocal microscopy. Minerva Urol Nephrol 2023;75:577-82. DOI: 10.23736/
S2724-6051.23.05352-1)
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prostate cancer is the most frequent malignan-
cy in male subjects.1 Early diagnosis is man-

datory for better patient management and histo-
pathology analysis of prostate biopsies is the gold 
standard in timely diagnosis.2, 3 Histopathology 
of prostate biopsies requires a time-consuming 
approach, including fixation of specimens, par-
affin embedding, and slide production consisting 
of routine steps that usually take a few days. The 

application of ex-vivo fluorescence confocal mi-
croscopy (FCM) on prostate biopsies was evalu-
ated to make possible a real-time histopathologi-
cal diagnosis.4 Confocal microscopy is an optical 
imaging technique that uses a laser that generates 
fluorescence or reflectance from the focal point. 
produces digital images similar to conventional 
histopathology slides by computationally recre-
ating H&E-like images ready to use for histopa-
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FCM (MAVIG GmbH; Caliber I.D.) analyzes 
the reflectance (785 nm) and fluorescence (488 
nm) of two different lasers enabling tissue mor-
phological examination. The maximum total 
scan area is 25×25 mm reaching a magnifica-
tion of ×550.9 histological images were gener-
ated by company software, VivaScan® (version 
11.0.1140 MAVIG GmbH; Caliber I.D.), Viva-
Block® and VivaStack® to convert the grayscale 
mosaics into H&E-like digitally colored images. 
after acquisition of the FCM images, the stained 
samples were fixed in formalin and sent to rou-
tine processing in the pathology department of 
the University of Verona for conventional his-
topathological analyzes. Two pathologists at-
tended a short one-day course for the presenta-
tion of the specific technical properties of FCM 
increasing their confidence with the FCM images 
by analyzing about 30 cases of different tissue 
samples proposed by the product specialist. In 
our institution we started early with the experi-
ence of prostate biopsies with a rapid learning 
curve. These two expert uropathologists exam-
ined the H&E-like digital images obtained from 
the FCM trying to detect neoplastic tissue. They 
were called to answer if positive or negative for 
tumor, when the interpretation was equivocal the 
histopathological report remained pending. The 
same pathologists analyzed the corresponding 
randomly placed conventional slides blindly af-
ter a few days.

Statistical analysis

We assessed agreements between FCM diagnos-
tics versus standard slides and between patholo-
gists (κ-values). The presence of cancerous tissue 
versus benign tissue was the main focus, hence 
the application of the classification systems (sec. 
ISUP/WHO) applied after cancer detection.10 
agreement between the FCM and conventional 
histopathologic diagnoses was expressed using 
Cohen’s κ statistic. Furthermore, inter-observer 
agreement was assessed for both FCM evaluation 
and conventional histopathological diagnosis.

Results

overall, we tested 75 digital images and the cor-
responding conventional slides (Table I). Sixty-

thology analyses.5 In 2019, Puliatti et al. evaluat-
ed this approach by analyzing 89 prostate biopsy 
images taken with an 18G biopsy punch on the 
fresh surgical specimen at the end of 13 prosta-
tectomies. They obtained a substantial overall 
diagnostic agreement between FCM and conven-
tional histopathological diagnoses with 91% cor-
rect diagnosis (κ=0.75).4 In 2020, Marenco et al. 
analyzed 182 FCM images from 65 regions of 
interest (ROI) on 57 patients undergoing prostate 
biopsies. They reported a median time to acquisi-
tion of 5 minutes. The endpoint was to evaluate 
the agreement between FCM and conventional 
histopathologic analysis in detecting neoplastic 
tissue.6 In 2021, Rocco et al. analyzed 427 FCM 
images from 54 patients considering the agree-
ment with the analysis of digital slides from con-
ventional histological preparations in the detec-
tion of prostate cancer by 4 expert pathologists. 
Their second objective was also to evaluate the 
agreement in the classification of prostate cancer 
sec. iSUp.7 These pioneering experiments and the 
subsequent review by Rocco et al. underlined the 
promising value of FCM in real-time detection of 
prostate cancer from biopsies arguing the need to 
validate the use of this technology by expanding 
the experience with more cases and from differ-
ent uropathology centers.8 In our study we repro-
duced the same experiment on consecutive cases 
in the urology center of the University of Verona 
considering the same endpoints to validate the 
results. Another aim of our study was to evaluate 
the perceived usability of the FMC system. The 
subjective component of perceived usability, in 
addition to the objective efficiency and effective-
ness, constitutes the classical conception of the 
construct of usability, fundamental for the user 
experience.

Materials and methods

We set up an FCM instrument (VivaScope 2500 
Confocal Microscope; MAVIG GmbH, Munich, 
Germany; Caliber I.D., Rochester, NY, USA) in 
the urological operating room of the University 
of Verona for three months (from July 2021 to 
September 2021). For each prostate biopsy sam-
ple, we tested the real-time approach directly in 
the operating room. The VivaScope 2500M-G4 
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Table I.—� Diagnosis for each case on conventional glass slides compared with diagnosis on H&E-like digital im-
ages from fluorescence confocal microscopy.
N. images diagnosis at conventional 

glass slides
Diagnosis at H&E-like 

images (from FCM) origin of tissue gleason Score and grading 
groups (sec. ISUP)

1 adenocarcinoma adenocarcinoma Biopsy 4+4, iV
2 adenocarcinoma adenocarcinoma Biopsy 3+4, ii
3 adenocarcinoma adenocarcinoma Biopsy 3+4, ii
4 adenocarcinoma adenocarcinoma Biopsy 4+4, iV
5 adenocarcinoma adenocarcinoma Biopsy 3+4, ii
6 adenocarcinoma adenocarcinoma Biopsy 4+4, iV
7 adenocarcinoma adenocarcinoma Biopsy 4+3, iii
8 adenocarcinoma adenocarcinoma Biopsy 4+5, V
9 adenocarcinoma adenocarcinoma Biopsy 3+4, ii
10 adenocarcinoma adenocarcinoma Biopsy 3+4, ii
11 adenocarcinoma adenocarcinoma Biopsy 3+4, ii
12 adenocarcinoma adenocarcinoma Biopsy 3+4, ii
13 adenocarcinoma adenocarcinoma Biopsy 3+4, ii
14 adenocarcinoma adenocarcinoma Biopsy 4+3, iii
15 adenocarcinoma adenocarcinoma Biopsy 4+3, iii
16 adenocarcinoma adenocarcinoma Biopsy 4+3, iii
17 adenocarcinoma adenocarcinoma Prostatectomy 3+4, ii
18 adenocarcinoma adenocarcinoma Prostatectomy 4+3, iii
19 adenocarcinoma adenocarcinoma Prostatectomy 4+3, iii
20 adenocarcinoma adenocarcinoma prostate transplantation 3+4, ii
21 adenocarcinoma adenocarcinoma prostate transplantation 4+4, iV
22 adenocarcinoma pending evaluation prostate transplantation 3+4, ii
23 adenocarcinoma pending evaluation Biopsy 3+4, ii
24 adenocarcinoma pending evaluation Biopsy 3+3, i
25 Benign tissue pending evaluation Biopsy N.a.
26 Benign tissue pending evaluation Biopsy N.a.
27 Benign tissue pending evaluation Biopsy N.a.
28 Benign tissue pending evaluation Biopsy N.a.
29 Benign tissue pending evaluation Biopsy N.a.
30 Benign tissue pending evaluation Biopsy N.a.
31 Benign tissue pending evaluation Biopsy N.a.
32 Benign tissue pending evaluation Biopsy N.a.
33 Benign tissue Benign Biopsy N.a.
34 Benign tissue Benign Biopsy N.a.
35 Benign tissue Benign Biopsy N.a.
36 Benign tissue Benign Biopsy N.a.
37 Benign tissue Benign Biopsy N.a.
38 Benign tissue Benign Biopsy N.a.
39 Benign tissue Benign Biopsy N.a.
40 Benign tissue Benign Biopsy N.a.
41 Benign tissue Benign Biopsy N.a.
42 Benign tissue Benign Biopsy N.a.
43 Benign tissue Benign Biopsy N.a.
44 Benign tissue Benign Biopsy N.a.
45 Benign tissue Benign Biopsy N.a.
46 Benign tissue Benign Biopsy N.a.
47 Benign tissue Benign Biopsy N.a.
48 Benign tissue Benign Biopsy N.a.
49 Benign tissue Benign Biopsy N.a.
50 Benign tissue Benign Biopsy N.a.
51 Benign tissue Benign Biopsy N.a.
52 Benign tissue Benign Biopsy N.a.
53 Benign tissue Benign Biopsy N.a.
54 Benign tissue Benign Biopsy N.a.
55 Benign tissue Benign Biopsy N.a.
56 Benign tissue Benign Biopsy N.a.

 (To be continued) 
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confident of reporting benign cancer-negative 
tissue with perfect agreement with the diagnosis 
on conventional slides. of the 11 pending cases, 
3 (27%) were later diagnosed cancer positive and 
8 resulted as cancer negative. Low agreement 
was obtained in the evaluation of inflammatory 
tissue on non-cancerous and cancerous tissues 
(κ=0.22). Regarding the application of the clas-
sification system according to ISUP, the detected 
neoplastic tissue was 1/24 (4%) grade group I, 
12/24 (50%) grade group II, 8/24 (33%) grade 
group III, 2/24 (8%) grade group IV, and 1/24 
(4%) grade group V. Agreement for grade groups 
i, iV, and V between FCM digital images and 
conventional slides was high (κ=0.85). Values 
for grade groups ii-iii reached high agreements 
taken together (κ=0.62), moderate for grade 
group III individually (κ=0.55). The time for the 
laser scan ranged from 7 minutes to 14 minutes 
(average 9 minutes).

Discussion

We have extended the series of prostate biop-
sies analyzed with FCM digital images trying to 
validate this method and its utility in a promis-
ing real-time evaluation for immediate patient 
counseling in the urological surgical room. in the 

nine specimens from 20 patients undergoing 
prostate biopsies, 3 biopsies performed from the 
bench on a prostatectomy specimen, and 3 from 
a transplant donor prostate. The pathologists 
were confident in the report in 64 cases (85%), 
in the remaining 11 cases (15%) the interpreta-
tion was considered equivocal and preferred to 
defer the diagnosis to conventional slide analy-
sis. Two cases were considered equivocal be-
cause the FCM digital image generated by the 
instrument was fuzzy and distorted, unusable for 
correct interpretation. Nine cases were consid-
ered equivocal due to the pathologist’s lack of 
confidence in tissue interpretation, especially in 
low-grade tumors (3 cases) and in normal pros-
tate tissue particularly crowded with glands. In 
low-grade prostate cancer, the need for immu-
nohistochemistry to confirm the missing basal 
layer has made interpretation deferrable requir-
ing conventional processing. Cancer was de-
tected in 24 conventional histopathology slides 
by both pathologists with near-perfect agreement 
between pathologists for both conventional and 
H&E-like slides from FCM; the agreement was 
(0.96 for HE, κ=0.96; 0.95 for FCM, κ=0.84). In 
these 24 cancer cases, only 3 analyzed images on 
H&E-like slides from FCM were equivocal with 
pending evaluation. In 9 cases pathologists were 

Table I.—� Diagnosis for each case on conventional glass slides compared with diagnosis on H&E-like digital im-
ages from fluorescence confocal microscopy.
N. images diagnosis at conventional 

glass slides
Diagnosis at H&E-like 

images (from FCM) origin of tissue gleason Score and grading 
groups (sec. ISUP)

57 Benign tissue Benign Biopsy N.a.
58 Benign tissue Benign Biopsy N.a.
59 Benign tissue Benign Biopsy N.a.
60 Benign tissue Benign Biopsy N.a.
61 Benign tissue Benign Biopsy N.a.
62 Benign tissue Benign Biopsy N.a.
63 Benign tissue Benign Biopsy N.a.
64 Benign tissue Benign Biopsy N.a.
65 Benign tissue Benign Biopsy N.a.
66 Benign tissue Benign Biopsy N.a.
67 Benign tissue Benign Biopsy N.a.
68 Benign tissue Benign Biopsy N.a.
69 Benign tissue Benign Biopsy N.a.
70 Benign tissue Benign Biopsy N.a.
71 Benign tissue Benign Biopsy N.a.
72 Benign tissue Benign Biopsy N.a.
73 Benign tissue Benign Biopsy N.a.
74 Benign tissue Benign Biopsy N.a.
75 Benign tissue Benign Biopsy N.a.
FCM: fluorescence confocal microscopy; N.a.: not applicable.

Table I.—� Diagnosis for each case on conventional glass slides compared with diagnosis on H&E-like digital im-
ages from fluorescence confocal microscopy (continues).
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762 images), the mean agreement expressed in 
Cohen’s κ is 0.85. Regarding our second end-
point, concerning the application of the iSUp 
grading system, the agreement between FCM 
and conventional slides was higher for extreme 
grade groups I, IV and V (κ=0.85). For the grade 
groups II (Gleason Score 3+4) and III (Gleason 
Score 4+3) which are sometimes critical for dif-
ferentiating between a radical prostatectomy or a 
wait-and-see approach, agreement was not satis-
factory (κ=0.62). Lack of confidence in identify-
ing the proper proportion of gleason patterns 3 
and 4 on FCM digital images has made it diffi-
cult to choose between these two groups of iSUp 
grade groups. This observation advises against 
the use of FMC in prostate cancer classification, 
even considering that it would probably not be 
crucial in the need for timely patient counseling. 
in addition, 3 of the 11 equivocal cases were ul-
timately diagnosed as positive for grade I or II 
prostate cancer, indicating greater difficulty in 
detecting low-grade malignancy. Furthermore, 
this early approach to detecting cancer on FMC 
digital images could be very useful in the evalu-
ation of suspected malignancy in a transplanted 
organ donor. in short, after all these consider-
ations, in order to provide adequate patient coun-
seling, the pathologist should be confident in the 
real-time evaluation of prostate biopsies with 
FMC imaging in negative cases and in positive 
cases with a high-grade malignancy. The sugges-
tion is to suspend reporting in all equivocal cases 
including suspicion of low-grade malignancy 
that need to be confirmed by conventional mi-
croscopic analysis.

Conclusions

in conclusion, these results validate the useful-
ness of the FMC system in real-time detection of 
cancer in prostatic biopsies making it considered 
a valid aid for the pathologists involved in con-
sulting the patient allowing a rapid organization 
of the diagnostic-therapeutic pathway.
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