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Abstract

In recent years, the use of artificial intelligence as a supportive tool in
therapeutic decision-making has been increasingly explored. Concurrently,
advancements in the management of peritoneal carcinomatosis have
introduced new challenges. Multimodal therapies, the exploration of
novel methods for delivering intraperitoneal therapeutic agents, and new
drugs present significant challenges for tools that evaluate the behavior of
peritoneal metastases. This short communication discusses the use of an
innovative tool that enhances the detection and monitoring of peritoneal
metastatic nodules. Our initial experience underscores the need for image
standardization and highlights the difficulties faced in the first cases
evaluated. The numerical data obtained through oncologic risk pixel
analysis and the technological evolution are discussed and presented in
this report, which includes the first images evaluated by this peritoneal
assessment tool.
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Introduction

The treatment of peritoneal carcinomatosis has evolved significantly
over the last 20 years [1,2]. The understanding that local control of
peritoneal metastases through the combination of surgery and intraperitoneal
chemotherapy can directly impact the patient's journey has introduced new
challenges to the evaluation of peritoneal carcinomatosis. The tool routinely
used to measure the response of solid tumours is RECIST (Response
Evaluation Criteria in Solid Tumours). First published in 2000 [3], it
has adapted to modern needs when assessing tumour behaviour, such as
evaluating metabolic response [4]. It has also helped to interpret the role of
new treatments, serving as the reference for determining tumour response and
the parameters used for phase II and phase III trials.

Peritoneal carcinomatosis has always posed a challenge in its ability to be
measured in terms of extent, behaviour, and spread. RECIST identifies several
limitations of the method as a tool for measuring carcinomatosis, including
disecase smaller than 10 mm, cystic/mucinous lesions, and areas with
locoregional treatment [5-7]. All of these characteristics determine that
peritoneal carcinomatosis is a manifestation. Peritoneal carcinomatosis is
considered non-measurable by RECIST, making the tool difficult to apply for
evaluating peritoneal treatments in this condition. A prospective study
including cancer patients with different aetiologies and lesions that could be
monitored with RECIST 1.1 identified low rates of measurable lesions in
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ovarian and gastric tumours, mainly due to the presence of
peritoneal carcinomatosis [8]. Colon tumours have a good
rate of lesions assessable by RECIST 1.1 due to the presence
of liver metastases, but this is limited when peritoneal
carcinomatosis is present. Thus, studies seeking to assess
peritoneal responses in precision oncology-analysis trials
lack an adequate tool to monitor peritoneal response. Different
forms of direct measurement of peritoneal carcinomatosis
have been described over the years, such as the Lyon Staging
System, the Japanese Research Society for Gastric Cancer
carcinomatosis staging (JRSGS), the Dutch Simplified
carcinomatosis assessment, the Fagoty Score, and the
Peritoneal Cancer Index (PCI) [9,10]. All assess two main
characteristics: nodule size and distribution within the
peritoneal space. All were developed to aid in the proper
selection of patients for surgical procedures and were not
designed with the intention of monitoring peritoneal response
to different treatments at different times. However, all have
proven effective in selecting patients for surgical resection
and determining the prognosis of carcinomatoses of different
aetiologies. Currently, the score developed in 1996 by Dr
Pierre Jacquet and Paul H Sugarbaker [11] is the most widely
used tool for measuring the distribution of peritoneal
carcinomatosis around the world, the so-called Peritoneal
Carcinomatosis Index (PCI). Today, the PCI has been
consolidated as a tool for assessing carcinomatosis for
therapeutic decision-making; it has been used as one of the
peritoneal response parameters that can be used to evaluate
treatments of the peritoneal space [12-14]. The PCI has
become the most widely used peritoneal assessment tool,
likely because it is easy to learn and has a 90% correspondence
between surgeons [15]. When we assess peritoneal response
and the correlation between RECIST and PCI, we are unable
to identify a trend or correspondence between the two scores
[13]. Thus, the PCI still proves superior to RECIST in
assessing peritoneal response and aiding in therapeutic
decision making [15]. However, the subjectivity of the
assessment, as well as the large gradient contained in the PCI
assessment score (scores 2 = 0.5cm to Scm) [11], does not
provide accuracy in measuring the response of peritoneal
nodules to treatments of the peritoneal space. Furthermore,
there exists difficulty subdividing the groups currently
classified by the index. This characteristic, in addition to
potentially generating underestimated or even overestimated
scores regarding tumour distribution and volume, is dependent
on the operator and their familiarity with the scoring
instrument, allowing for inaccuracy when assessing peritoneal
response. The evolution in the treatment of peritoneal
carcinomatosis has brought new challenges to traditional
assessment tools such as the PCI [2]. The use of the peritoneal
space for the application of therapeutic agents, no longer in a
single application but in recurrent applications, has led to the
need for reassessment of the peritoneal space throughout the
course of treatment. The understanding of bridge or downstage
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treatments as a modern approach to peritoneal disease [16]
will be increasingly explored in the management of peritoneal
carcinomatosis. The accuracy in identifying and classifying
these subgroups, currently grouped by current tools, becomes
important in the more precise selection of patients with
peritoneal metastases. Thus, the tools for measuring
carcinomatosis aim to not only establish the possibility of
resectability or prognosis, as the PCI was initially used, but
also assess the effective response of peritoneal metastases to
different forms of treatment. This new dynamic in the
approach to peritoneal metastases brings with it different
challenges, pointing to the need for new alternatives for
assessment within the peritoneal space. When we assess
peritoneal response and the correlation between RECIST and
PCI, we are unable to identify a trend or correspondence
between the two scores [13]. Thus, the PCI still proves
superior to RECIST in assessing peritoneal response and
aiding therapeutic decision making, even with its limitations.
Currently, the only score constructed with the objective of
directly assessing the response of peritoneal metastases to
intraperitoneal treatment is the Peritoneal Regression Score
(PGRS) proposed by Solass et al. [17]. It uses three samples
of 4 mm in different high-risk peritoneal areas to assess the
presence or absence of viable neoplastic cells in the sample,
as well as the degree of fibrosis. Thus, a peritoneal response
score scaled from four different grades is obtained, allowing
monitoring of the peritoneal response to different forms of
treatment over time. Recently, Janina Baake et al. [18]
demonstrated in a retrospective analysis the existence of a
direct relationship between PGRS and the prognosis of
patients with peritoneal carcinomatosis treated with
intraperitoneal chemotherapy. This could become a tool for
selecting patients who are candidates for more aggressive
treatments, such as cytoreductive surgery. These findings
reinforce the need for precision tools in peritoneal assessment,
aiding in the identification of specific groups of patients who
may benefit from intraperitoneal treatments. The future
prospects of using new modalities of intraperitoneal therapy,
such as organoids and nanoparticles [2], will demand even
more precision from peritoneal assessment tools. The use of
artificial intelligence (AI) as an auxiliary tool in cancer
diagnosis has been explored with enthusiasm in recent years
[19-23]. Faced with this reality, we started using a tool to
assess peritoneal metastases during video laparoscopy. This
tool uses, in an unprecedented way, Al to recognise, measure,
and monitor the images captured of peritoneal metastases and
risk areas. Image processing by Al can recognise peritoneal
nodules and provide direct information on the physical
characteristics of these nodules. The first analyses of
peritoneal images (figures 1-2) using this tool for data
extraction were performed in a prospective study that, at the
time of writing, is still in progress with the approval of the
ethics committee of the Complexo Santa Casa de Porto
Alegre (CEP-77421423.0.0000.5335). The first cases
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analysed by the Al carcinomatosis recognition tool introduce
some parameters and challenges discussed below.The
capturing of images directly from the towers usually generates
low-quality files, leading to the loss of important data. This
determines the need for specific equipment for capturing and
storing high-resolution files. The need for an implantable
peritoneal anchor to serve in the image as a reference centre
for image analysis seems to be paramount for making
comparisons at different times and with overlapping images.
It allows the creation of a fixed reference and parameters for
the peritoneal anatomical location (LAP) of different nodules
in the region under analysis. The standardisation of an image
area to be analysed must be discussed among peritoneal
treatment specialists. Even if several image acquisitions are
used, four peritoneal regions seem ideal, and the determination
of the area around the peritoneal anchor is decisive for
standardisation and comparison of the same patient or
different patients. Fixing the standard-analysis area allows for
the exploration of a concept called the oncological risk pixel
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(ORP). Thus, the pixel obtained in the captured image will
have constant characteristics and can be explored utilising
different analysis methodologies. The ORP represents the
pixel identified by the Al as possibly related to the neoplasm
in that image. This whole process of ORP recognition and
segmentation of image nodules performed by a series of mask
analysis and clustering methodologies, both manual and
automated, can determine a series of new mathematical
variables. Those that can already be individually identified in
each image today include the total number of nodules, the
percentage of nodules smaller than 1cm, the total number of
ORP in the image, the total area of the nodules, the average
area of the nodules, the median of the nodules, and the
individual area of each nodule. The sum of the parameters
acquired from four images of the peritoneal space is required
in order to get a more accurate map of the individual's
peritoneal metastases. However, possibilities brought about
by this new technology are unsettling and need to be validated
in future studies to understand its full potential.
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Figure 1: Image with analysis chart

¢ Number of metastases
o Possible carcinomas: 2
o Carcinomas: 11

* Area/Pixels
o Pixels with oncological risk: 4670 px
o Pixels with carcinomas: 254051 px
o Total affected pixels: 258721 px
o Largest metastasis: 83344 px
o Smallest metastasis: 810 px
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Figure 2: Image with analysis chart.

¢ Number of metéstases
o Possible carcinomas: 12
o Carcinomas: 10

e Area/Pixels
o Pixels with oncological risk: 8384 px
o Pixels with carcinomas: 98073 px
o Total affected pixels: 106457 px
o Largest metastasis: 53458 px
o Smallest metastasis: 955 px
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