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rostate cancer is a prevalent neoplasm in
men, with varying aggressiveness.!: 2 To
manage the disease optimally, both oncologic
radicality and postoperative functional outcomes
are essential.3- 4 The ‘gold standard’ pathological
assessment of prostate cancer is still a conven-
tional, time-consuming approach, based on his-
tomorphological evaluation of bioptic or surgical
tissue samples.> ©
Ex-vivo fluorescence confocal microscopy
(FCM) is a promising innovative method which
allows real-time evaluation of prostate tis-
sue, producing images that highly overlap with
the traditional hematoxylin and eosin-stained
slides.®. 7 FCM has shown excellent results in
evaluating healthy and cancerous prostate tissue,
offering high concordance, reliability, sensitiv-
ity, and specificity.6 7
The application of Artificial Intelligence (Al)
on FCM images seems to have great potential.
Notably, confocal microscopy allows the direct
acquisition of digital images, enabling the im-
mediate utilization of Al. The annotation process
could be demanding in terms of expertise, cost,
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and time; but Al, especially neural networks, has
shown potential in overcoming these obstacles,
as demonstrated also in the dermatological field.®
The integration of confocal microscopy technol-
ogy with neural networks represents a potential
“game-changer” in the field of pathology.

The aim of our study is to assess the perfor-
mance of a weakly supervised approach based
on graph neural networks (GNNs) for detecting
prostatic tumors in digitally colored FCM images
obtained from prostatic biopsies. The selected al-
gorithm, DAS-MIL,? integrates pyramidal GNN
with multi-instance learning (MIL) to leverage
the full potential of FCM high resolution images,
without relying on pixel-level annotations (i.e.,
requiring only the information about the pres-
ence/absence of the prostatic tumor inside the
image).

For the examination, 506 prostatic biopsies
from 64 patients affected by adenocarcinoma or
non-neoplastic conditions, were collected and
analyzed using the ex-vivo FCM device (Viva-
Scope® 2500 M-G4, Mavig GmbH, Munich,
Germany; Caliber 1.D.; Rochester NY, USA)
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at the Department of Urology, University of
Modena and Reggio Emilia, Italy. Written in-
formed consent was obtained from each patient
preoperatively. Fresh samples were analyzed as
described elsewhere.10

The 506 digitalized prostatic biopsies were
split into two sets: 307 images for training DAS-
MIL and 199 images for testing and validating
the automatic approach. Both sets were random-
ly generated while preserving the class distribu-
tion (around 20% of images contained tumor tis-
sue in both sets). The model was trained to dis-
tinguish between images with tumor tissue and
healthy ones, utilizing available ground-truth
labels. The final performance was assessed using
the area under the ROC curve (AUC) and accu-
racy metrics. The AUC achieved a value of 0.93,
and the accuracy score was 0.86. Additionally,
the algorithm’s behavior was analyzed through
the confusion matrix presented in Table I. This
enabled the calculation of sensitivity (true posi-
tive rate) and specificity (true negative rate) of
the algorithm on the target dataset. DAS-MIL
demonstrated a sensitivity of 0.8 and a specific-
ity of 0.88.

Leveraging on MIL, the final prediction of
DAS-MIL is performed by calculating the criti-
cality of each instance and comparing all of them
with the most significant one. Such an approach
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TABLE L.—Confusion matrix summarizing DAS-MIL
predictions on the selected test-set. Among the 199 im-
ages available, 172 (86.43%) are predicted correctly
with high sensitivity (0.8) and specificity (0.88).

Target
Output
Non-tumor Tumor Sum

Non-tumor 144 7 151
72.36% 3.52% 95.36%
4.64%

Tumor 20 28 48
10.05% 14.07% 58.33%
41.67%
Sum 164 35 172/199
87.80% 80.00% 86.43%
12.20% 20.00% 13.57%

can be also exploited to produce a heatmap high-
lighting the portions of the images that contrib-
uted the most to the final prediction. Since no la-
bel at pixel-level is available the heatmaps can be
used only for qualitative evaluation. An example
is provided in Figure 1.

Up until now, Al has been employed in ana-
lyzing conventional pathologic prostate can-
cer images directly or that were later digitized,
yielding remarkably high accuracy!!-13and strong
concurrence with expert uropathologists’ diag-
noses. !4 Our study sought to utilize real-time flu-
orescence confocal microscope (FCM) images,
eliminating the need for specimen processing

Figure 1.—A) Example
heatmap produced by
DAS-MIL on a positive
FMC image predicted
as positive also by the
model. To better appre-
ciate the details only a
portion of the entire im-
age is reported. Instances
highlighted in yellowish
identify more critical
areas and the relevance
decreases with color in-
tensity. No highlighted
areas are those that the
automatic model consid-
ers less significant for
the prediction. B) The
same image, obtained
with confocal micros-
copy, unprocessed by Al.
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and the following image digitalization, thereby
expediting the application process. Surprisingly,
the artificial neural network achieved in our pre-
liminary experience an AUC value of 0.93, and
an accuracy score of 0.86, even though it had not
undergone prior training to recognize neoplastic
lesions. On a following analysis performed by
our expert pathologist (LRB) on the Al-sensitive
areas, although it was a non-machine learning
neural network application, those areas were
largely recognized as glandular areas with fea-
tures of neoplasia. In our experience, the applica-
tion of Al on FCM images could allow a remark-
able time advantage, thanks to a real-time intra-
operative assessment that could directly address
the pathologist to initially evaluate those areas
flagged by the machine as neoplastic. This study
constitutes a preliminary experience. By training
the machine to recognize pathologic patterns, in
our opinion, even more encouraging results will
be possible.
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