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Abstract

Machine learning is breaking into medicine and healthcare supporting the prognosis, diagnosis and treatment selection
for a wide variety of malignancies. Bayesian Networks, a sub element of Machine Learning, has potency to support
clinicians and oncologists in cancer management. In this article, we discussed aspects and potential of Bayesian
Networks in cancer therapeutics and this perspective is informative for medical doctors as well as bio-informaticians,
Al engineers, and data analysts.
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1. Introduction

Although cancer in one of the most fatal diseases for mankind, there have been significant changes in the last decade
including the cancer diagnosis, prognosis and therapy optimization. There has been a considerable investigation on
cancer diagnosis by developing computational models for efficient detection of cancerous conditions [1,2]. Many
bioinformaticians have adopted Artificial Intelligence (AI)-based learning approaches in cancer therapeutics [3].
Bayesian Networks (BNs) can be applied in three different categories of image-based tasks in oncology: detection,
characterization and monitoring of tumors [4].

Some challenges do remain as medical data cannot be used as direct input [5]. It is crucial to extract, quantify and
evaluate features. Another challenge could lie in the fact that Al will experience low exposure and expert clinicians
which leads to blind spots to rare conditions as well as a repertoire of doctors experiences in disease interpretations

[6].

Al-based tools can play a role in monitoring the tumor. The traditional way of confronting the tumor consists of the
response evaluation criteria in solid tumors (RESICT) and the world health organization (WHO) criteria for estimating
tumor burden and determining treatment response [7-9]. These methods are heavily criticized for oversimplifying
complex tumor geometry and being unable to determine the efficiency of chemotherapy in the case of numerous lesions.
[7-9].

A cardinal number of studies of the nexus BNs and cancer management delineate the status quo [10-15]; it has been
alluded that Al can extract and quantify key image information by simulating complex human functions. It is
recommended the elaboration of an extensive study to evaluate the extent of the current applications and segregate the
research information that reveals pinnacles and tradeoffs of Al implementation in cancer management. This perspective
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discusses aspects and potential of BNs in cancer therapeutics and is informative for medical doctors as well as bio-
informaticians, Al engineers, and data analysts.

2. Realising the value of Bayesian Networks

Bayesian Networks (BNs) use complex modelling approaches to manage large datasets to aid physicians in cancer
management [16]. BNs is considered a powerful tool for medical doctors and specifically oncologists in clinical diagnosis
and decision-making [16,17].

In cancer research Al-based tools are commonly used in imaging techniques including: computed tomography (CT)
scam, magnetic resonance imaging, mammography and ultrasound [18,19]. These techniques generate vast amount of
data and Al-based tools allow the translation of the datasets.

ML-based tools can recognize information that cannot be noticed by the human eye and can be used to reduce errors of
omission in observation oversight. It can be used to highlight zones of interest aiding the expert in detection [20,21].
Using parameters ML-based tools can also be used to characterize the stage of the tumor. Cancer diagnostics is plagued
by interrater bias and inconsistent reproducibility even among experts [21]. Using automated segmentation Al has the
potential to increase efficiency, reproducibility and quality of tumor assessment. Bayesian Networks aids the clinicians
with the selection of cancer treatment techniques with high level of uncertainty. BNs [22].

The advent of Machine Learning has improved malignancy treatment as the BNs can be used as prognostic and
diagnostic tool for several types of malignancies [23]. The essence of BNs lifecycle in computational medical
therapeutics is provided in Figure 1. Data vigilance as it is described in European Database on Cancers aims to ensure
and improve patients’ safety.

ML tools manufacturers for healthcare operations are ideating BNs as an efficient solution for probabilistic inference
that can aid decision making in clinical operations. BN is considered as a nascent machine learning technique, inasmuch
orientating to other ML techniques like artificial neural network or support vector machines, that may result in a clear
and healthy healthcare arena [23,24].

¢

Figure 1 The evolving scheme in computational medicine concept is embodied by five pillars

Application of BNs is alluring due to the capability of assessing interdependencies of clinical factors that exist in large
medical datasets [25,26]. Barriers have been identified during the adoption and applicability of BNs in cancer
management. Among these constraints, the lack of unified protocols for processing heterogeneous medical data
represents a significant challenge to the large-scale implementation of these technologies [27,28].

However, initiatives, such as the European "Smart4Health" project, demonstrate that harmonizing clinical databases
can substantially improve the performance of BNs, achieving predictive diagnostic accuracy exceeding 90% [29].
Furthermore, the combination of BNs with explainable Al (XAI) techniques and federated learning is opening new
possibilities in precision oncology [30]. Particularly in managing complex cancers, this synergy not only enhances
diagnostic accuracy but also provides interpretable explanations for clinical decisions [31]. A recent multicenter study
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showed that hybrid systems combining BNs and deep neural networks can reduce false positives in early lung cancer
detection by 32% compared to traditional methods [32].

3. Questioning the value of clinical presentation

The yawning gap amidst visual examination and invasive fine needle aspiration calls into question whether the routine
decision making can underpin the drive for efficient cancer management. The attempt for treatment solutions is more
than necessary for a radical veer to a successful cure with a group of features such as size, capsular or local tissue
invasion being intrinsic [33].

The therapeutics deadlock redounds a cross-cutting disquiet for effective surgical applications [34]. The clustering of
surgical intervention is the sine qua non for the efficient cancer treatment. The appeal of surgical resection ramps up
the efficacy of carcinoma cure [34]. A quintessence surgical aiming to redeem quality in malignancy management.

Maneuverability of the carcinoma therapies circumvents conventional treatment and is a crucial component to expedite
the application of advanced technologies in cancer care [35]. Against that backdrop, there is room for manoeuvre and
doctors are enamored with non-invasive treatments. Medical concerns for an abrupt curtailment of adjuvant or
palliative therapies is an existential risk for the patients [33]. The cure treatment management concept manifests an
evolving scheme that is embodied by technological advancements [35].

The pathological deadlock redounds a cross-cutting disquiet for a proactive stance with drastic alterations in the clinical
judgment. Future ventures for preoperative biopsy may be taken into account to assess the recurrent disease when
evaluating a patient with a known diagnosis of cancer. The resection with negative margins resuscitated the cancer
treatment and rekindled the ailing cure management.

The operative management of carcinomas hinged on the preoperative clinical suspicion or intraoperative identification
of malignancy [34]. En bloc resection of all adjacent tissues without capsular disruption evinces the shrewdness of the
surgical approach to embed to achieve grossly and microscopically negative margins, including resection of any adjacent
fibroadipose or muscular soft tissue.

Chemotherapy
Killing cells by alkylating
agents

Surgery
Removal of malignancy
by surgical approach

Killing cells by
applying radiation

Self immunotherapeutics

Figure 2 Traditional cancer treatment modalities

The reputation of chemotherapeutic agents is ebbing away forasmuch as tis removal attenuates the survival for patients
with carcinomas. Unequivocal and plausible use of intraoperative hormone assay is crucial and may will fall into the
normal range if there has been adequate resection of hormonally active disease. This may aggravate metastasis, and
further exploration may have morbid repercussions in surgical treatment. Genetic and molecular analysis are bounden
in order to perk up the diagnosis landscape and provide a cushion of carcinoma management.

It has been extensively alluded that chemotherapy is not sufficiently effective for the treatment of some malignancies
[36]. Lack of clinical data regarding the evaluation of systemic therapy may herald the dubiousness amongst case
reports. Technological breakthroughs in novel therapeutic systemic therapy, referred to by some as the critical juncture
of the pharmacotherapy in the future, have led to the pledge that scientists will expand the ambit of medicines for mono
therapies or combination therapies and may balk the used of non-responsive medicines [36,37].The adjuvant
chemotherapy’s attempts to keep pace continue to flounder due to limited data and, dubious applicability.
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Researchers focus on identifying and trialing efficient chemotherapy as a treatment alternative as there radiation
therapy is not standardized for several malignancies. Contentious arguments over the adjuvant radiation concomitantly
jeopardize the therapy performance.

Continuing research efforts buoy the adjuvant therapy to manage the ebbs and flows of biotherapy or immunotherapy.
Immunotherapy instantiates an auspicious denouement to attenuate the effects of other treatment methods. Erratic
decision making due to limited data is holding back biotherapy from its potential succour to eliminate carcinoma and
amortize biotherapy pitfalls.

Plausible experience is needed to dodge medical risks and decisions with synergy and alacrity amidst littoral treatment
team may be taken on an individualized basis. Looking to a later levy, leveraging new therapies renders a sparking
change to a surgery-based therapeutic scheme with medical risk averseness.

3.1. Leveraging Bayesian Networks in cancer management

The perpetration of immediate prognosis is regarded a crucial impetus for the physicians to ponder carcinoma diagnosis
and expediting the treatment in non-invasive sound manner. Medical strategy aiming to incorporate Machine Learning
in support decision making is pivotal for the mature implementation of the BNs in cancer management [24]. Barriers,
such as validity issues, necessitate the comprehension of algorithms and the standardization of BNs to improve the
implementation in the clinical arena [27,28].

To address these challenges and overcome these barriers, several studies are proposing certification protocols based
on standards such as ISO 13485 for Al-assisted diagnostic systems, including multicenter evaluations that measure
sensitivity (>95%) and specificity (>90%) in real-world scenarios [27]. Additionally, the creation of public BN model
repositories, such as CancerML [28] facilitates broader implementation.

Furthermore, successful adoption of BNs requires their adaptation to existing hospital information systems
(HIS/RIS/PACS) through standardized interfaces like HL7 FHIR [38]. This approach is supported by pilot experiences
conducted at leading oncology centers, which have demonstrated that such integration can reduce diagnostic time by
up to 40% for solid tumors [23]. However, challenges remain in interoperability with electronic health records, where
natural language processing (NLP) emerges as a key solution for extracting unstructured clinical variables to feed BN
models [39].

4. Conclusions

Itis recommended the elaboration of an extensive study to evaluate the extent of the current applications and segregate
the research information that reveals pinnacles and tradeoffs of Al implementation in cancer management. This
perspective discusses aspects and potential of BNs in cancer therapeutics and is informative for medical doctors as well
as bio-informaticians, Al engineers, and data analysts.
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