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Abstract 

AI and machine learning have transformed various industries and public services. In the 
healthcare sector, its transformative potential is increasingly recognized. This essay focuses 
specifically on how advanced AI and machine learning with advanced neural networks could 
revolutionize and offer new solutions to treatment pathways for rare diseases. Many rare 
diseases are difficult to diagnose and treat. Early support and knowledge are limited, making 
the disease journey a tougher and more isolating experience. Support networks dedicated to 
specific rare diseases are even scarcer, as is research funding for such diseases. Recent trends 
show increasing interest and activity in cross-domain collaborations, which could impact both 
care pathways and supportive networks. The importance of early, more personalized and 
widened support is growing for rare disease individuals and their families. The essay will 
highlight different and innovative ways that personalized, advanced machine learning 
recommendations could strengthen the ecosystem of rare disease support. Applications, 
changing the way support individuals receive information and services, are discussed, as well 
as new data sources for support networks and advanced machine learning methods that enable 
the exploitation of these sources. As the burden of diseases is shifting and personalized 
approaches are becoming more viable, the importance of advancing from symptom-based to 
population and individual-based healthcare solutions is elevated. In addition to genetic analyses 
and biosensors, social media, internet browsing and smartphone usage are increasingly 
recognized as sources of health-related data. If used wisely and aligned with the appropriate 
non-disclosure agreements, these digital footprints could help healthcare providers to discover 
patterns of, e.g., triple negative breast cancer occurrences and offer timely recommendations 
to avoid certain factors. This essay discusses how advanced machine learning algorithms will 
revolutionize the way we can use these sources of data. A shift to personalized services that 
accommodate individual rare disease individuals’ needs and habits is further supported. 

Keywords: AI, artificial intelligence; ML, machine learning; treatment, treat; pathways, 
personalized treatment pathways; rare diseases,Personalized Medicine,AI-Driven Treatment 
Pathways,Rare Disease Support,Machine Learning in Healthcare,Neural Networks for 
Healthcare,Precision Treatment Models,AI in Rare Disease Diagnosis,Data-Driven Clinical 
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Decision Making,Predictive Analytics in Medicine,Customized Healthcare Solutions. 
1. Introduction  

Rare diseases have become a critical area of medical research due to the significant challenges 
they pose in terms of detection, diagnosis and treatment. Soaring costs of drug research and 
development, a shift in focus by pharmaceutical companies towards more common diseases, 
inadequate funding and resources for clinical management, and often an incomplete 
understanding of the disease mechanisms have all led to the marginalization of rare diseases. 
It is estimated that in the United States alone there are at least 7,000 rare diseases, affecting 
roughly 30 million people, a majority of whom are children. Since 1983, February 28 of each 
year has been celebrated as Rare Disease Day, intended to raise awareness and inform 
policymakers. The need to reduce the time-consuming diagnostic journey that individuals 
with rare diseases are currently forced to undertake, that in some cases lasts several years, and 
to improve the available therapies for this broad and heterogeneous category of diseases, has 
made this area one of the most important challenges in healthcare. Nowadays, recent advances 
in digital health and new enabling technologies offer new hope for a deep and fast 
transformation of the rare disease landscape. At least in the case of rare diseases with a genetic 
cause, low cost DNA-sequencing is also shifting the paradigm of diagnostics. The availability 
of machine learning algorithms and frameworks combined with an increase of computer 
resources are powerful tools that are now available to researchers and healthcare professionals 
alike, promising fine-grained analyses of patients data and new insights on individuals or 
groups of patients. Personalized approaches in healthcare are likely to significantly enhance 
effectiveness of treatments, surgical procedures and provide guidance through complex 
clinical decisions. In this context, the directional policy agenda for the next Commission and 
the current EU rare disease strategy post-2020 will be guided by the overarching vision to 
ensure, together with the Member States and relevant stakeholders, that people in the EU with 
a rare disease, have equal access to prevention, timely diagnosis, high-quality care, 
appropriate and efficient related services, and equitable, informed and active participation. 
Lots of talk and documents, like announcements and publications, position papers and 
manifestos, promises and declarations, have reflected this, but much less consideration has 
been given to how it may be achieved. To make this vision viable, what is required is an array 
of internally coordinated but mutually reinforcing initiatives in how to (i) make rare diseases 
visible, (ii) improve prevention, (iii) early diagnosis, (iv) therapies – development and 
provision, (v) care and social services, (vi) emergency and urgent care, (vii) purchasing of 
expertise, (viii) information and knowledge, (ix) participation and empowerment, (x) improve 
coordination, coherence, and (xi) sustainability in the long term. To foster coherence and 
synergies, each of these twelve categories is expected to converge into thematic research. 
Associating to the actions to be undertaken, what results is a comprehensive, forward looking 
and coordinated research agenda that can effectively contribute to the current and future 
challenges of rare diseases in the EU. 
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               Fig 1: Artificial Intelligence and Neuroscience 

1.1. Background and Significance                                    Rare diseases have always been a 
complex challenge for healthcare, dating back to the description of hemophilia in the arthritic 
mass graves of Egypt’s Valley of the Kings more than 2000 years ago. Even then, the limited 
understanding that existed of the disease, how it was transmitted and, most importantly, the 
causal link to a blood condition, severely hampered efforts to properly treat, manage and live 
with the disease. As such, technology has always played a crucial role in shaping approaches 
and methodologies in treatment, diagnosis, management and care for rare conditions. From 
the relatively simple and blunt era of blood-letting and leeches to the more contained and 
patient specific blood filtering of today, technology has been instrumental in advancing the 
knowledge and discovery needed to make living with rare diseases feasible. This is even more 
pressing in the case of rare diseases given the limited understanding of their natural history, 
the dearth of data to base any treatment on and the limited scientific and medical knowledge 
available compared to more common afflictions. In the past two decades there has been a 
growing recognition of the impact and importance of rare diseases as a public health concern. 
Affecting one in seventeen individuals in their lifetime, rare diseases are viewed as an ever-
growing problem for both patients and the healthcare sector as a whole, attributing to 40% of 
the EMRs of pediatric admissions, and 30% of children with a rare disease will die within 
their first year. Rare diseases are defined as severe chronic diseases as such they can seriously 
impact many aspects of life such as being forced to abandon education and jobs and having 
to rely on disability benefits. It directly affects the emotional lives of patients as well as their 
caretakers and establishes a toll on the patient’s family and social network, with 65% of people 
caring for a patient with a rare disease reporting financial issues as a primary concern. As 
such, a working and integrated approach combining both Artificial Intelligence (AI) and 
Machine Learning (ML) is developed in order to address these pressing challenges and pave 
the way to a higher quality of care and supporting services where patients can live their life 
with an improved outlook. Data and information presented hereafter will show how rare 
diseases are a both pressing and ever-growing concern for society's all over the world, thereby 
quantifying the need for improved diagnostic and treatment pathways. 

 
Equ 1: Loss Function for Training (Mean Squared Error) 
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2. Rare Diseases: A Global Health Challenge 

Rare Diseases (RDs) represent a significant global health burden, henceforth to be referred to 
as ‘global RDs’. A global RD is defined by a prevalence of one per 2,000 people, albeit a 
more practical definition is needed by the international community. So there is a need for a 
better definition of ‘common’ diseases and parameters such as incidence, prevalence, impact 
on health and lives, demographic specificities, etc. More than 6,000 RDs identified to date, 
which can be chromosomal, genetic, infectious, of toxic origin etc. RDs are often life-
threatening, and the prevalence of negative consequences on health need global attention. It 
appears that the challenges associated with global RDs go beyond solely health implications. 

A first narrative A four years old patient is referred to genetic counselling for developmental 
delay, epilepsy, and behavioural issues. At six years of age, he begins to develop ataxia and 
shows clumsiness often falling, with a quick decline in gait and hand skills. The patient 
undergoes several tests and clinical examinations which show a c.4813_4816dup mutation in 
the SH3TC2 gene, confirming the diagnosis of Charcot-Marie-Tooth type 4C (CMT4C). MRI 
of the legs finds a severe atrophy of tibialis anterior, extensor digitorum longus, and peroneus 
muscles. Patient is offered a place in an ongoing clinical trial where he gets improvements in 
motor and communication skills, now able to cycle with support, and has started to read and 
write. However still gowers sign, foot drop, and pes cavus are present. Patients have 1:1 care 
in school, with attention span and cognitive skills still in need of improvement. A global view 
of RDs is essential to better capture the socio-economic and Health and Social Care Systems 
restrictions that undermine the lives of patients affected by RDs. The increase of the mean 
age in the developed world underlines the importance of specific technical aids and 
personalized treatments to allow a better quality of life for the people affected by RDs. A 
better understanding of the global dimension of RDs, and providing there is existing good 
practice, it could be possible to replicate this good practice to better support patients across 
different countries. 

 
         Fig 2: Applications of AI in clinical diagnosis of various diseases 

2.1. Prevalence and Impact                                                 Rare diseases are a significant 
challenge in global health. More than individual patients are affected worldwide. Rare 
diseases collectively affect about 1 in 10 individuals in the United States, which equates to 
about 30 million individuals being challenged by over 7,000 unique conditions. The territorial 
extent of the problem is reflected in regional statistics, with estimates that more than one 
million individuals in the Australian state of Victoria are affected by rare diseases. This is of 
particular concern in rural areas, as it is challenging for patients to access the specialist 
services they require, with long waiting times a common issue. In broader terms, a database 
has been created that includes the prevalence of over 6,000 rare diseases. It is highlighted that 
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although each disease on its own is rare, the collective number of affected individuals of 
disparate conditions is considerable, with a significant portion of pediatric cases. Nuclear 
Factor Kappa-light-chain-enhancer of activated B cells (NF-ĸB) has been demonstrated as an 
attractive therapeutic target due to its well-established link to inflammation and 
immunoreactivity in tumorigenesis following its identification in the 1980s as a transcript 
factor affecting the transcription of the immunoglobulin kappa light chain in B lymphocytes 
and the versatile immune responses. Activation of NF-ĸB has been frequently observed in 
tumor cells and the downstream effector molecules not only promote cell survival, 
proliferation, invasion, angiogenesis, metastasis but also lead to immune evasion and acute 
immune response, the hero famous hallmark of tumor. The presence of a single specific 
dominant-negative (DN) allele of NF-kB caused strong hematopoietic entire, which was not 
attributable to the immune defect of the fact. APP/PS1 mice are genetically engineered AD 
models which show age-dependent BACE1 activity and newborn keratin and NF-kB 
activations. In this model, an increase in gastric astral contents, increases in depression and 
anxiety and reduction in central cholinergic activity was reported.  

3. Current Limitations in Rare Disease Diagnosis and Treatment 

Rare diseases present unique and significant challenges for healthcare professionals, 
especially in primary care. The logistical puzzle of scheduling several potentially lengthy 
appointments for separate tests, referrals, and specialist consultations, all while continuing 
holistic care of the patient, are often complicated by the scant knowledge and lack of sources 
for many rare conditions. As such, rare disease diagnosis is frequently delayed by weeks to 
years, and sometimes never accomplished at all. The production of a comprehensive and 
personalized treatment plan is then frequently left incomplete or performed with limited 
knowledge of the patient's condition. 

In scenarios where a conclusive diagnosis can be made, the application of a typical treatment 
regimen frequently proves inadequate for rare diseases, which are commonly served by a 
“one-size-fits all” approach. Rare diseases are exceptional in both the diverse symptomology 
of the same condition across different patients and the similar symptomology of different rare 
diseases. This complexity often results in the treatment of symptoms rather than underlying 
conditions. Effective treatment frequently requires a multitiered approach tailored to the 
specific symptoms and robust monitoring of potential complications arising from treatment. 
Considering the rareness of the disease, this time-intensive process is an impractical 
application of the typical healthcare system. Unsurprisingly, there is room for vast 
improvement in the communication and partnership procedures among primary care providers 
and healthcare professionals, which merits innovative utilization technologies enhancement. 

Equ 2: Feature Importance for Treatment Decisions (SHAPE or LIME) 

 
 
3.1. Challenges in Personalized Treatment                 Individuals with rare diseases are frequently 
mishandled in healthcare settings; the challenges that arise with the mapping of an effective 
individualized treatment pathway are presented to raise awareness. Theoretically, current 
treatment strategies within healthcare are tested in terms of how as an individual they are unable 
to adeptly accommodate rare diseases. The difficulties in translating existent approaches to 
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assist rare disease patients to comprehend the healthcare discrepancies that arise in this health 
demographic are displayed. Artificial intelligence and machine learning may perhaps aid with 
rare disease management in a broader healthcare scope. Importantly, the theoretical framework 
of ependymoma (a rare brain tumour) is here applied to an individual case study to map a 
unique treatment pathway through personalised care. However, an interdisciplinary framework 
which accommodates rare diseases from a machine learning and data-driven clinical 
perspective is encouraged for future healthcare strategies, more information is needed on AI 
and ML-based treatment pathways for individual rare diseases. 
 

 
             Fig 3: Artificial intelligence in neuro-oncology advances and challenges 
 
4. AI and ML in Healthcare 

With the rise of deep learning techniques in artificial intelligence, many new applications 
benefit human needs. Mainly in the medical field, many researchers have developed advanced 
algorithms and models to help medical researchers and practitioners. indicated that the current 
applications of AI have been incredibly exploited in the medical-science field. This review 
focuses on the transformative applications of AI and ML, especially in the support of 
personalized treatment pathways for rare diseases, using advanced deep neural networks in 
reducing diagnostic error, achieving specified improvement and potential use in diagnostics. 

Artificial intelligence (AI) is a ubiquitous type of computer science. It studies the ability to 
apply a computer where generally human intellectual capabilities are involved, e.g. perception 
of the environment, understanding of language and decision-making. Medical diagnostics 
from historical data is a general application that has been the main target since the early stages 
of research in AI. In medicine, deep learning research shows several applications that 
challenge human experts, such as automated skin lesion diagnosis, advanced genome analysis, 
ultrasound image processing, and rare disease support. Medical software has been developed 
to address healthcare issues effectively. AI and similar algorithms can manage information 
faster than human analysts. Deep learning is a set of machine learning algorithms that find 
representations of information by using artificial neural networks with many layers of 
transformations. Simple tasks such as object identification and object localization generally 
use deep learning. This model has a few modifications to automatically screen training data. 
Limitative screening and group screening are used to pick up the model’s architecture. They 
evaluate if a targeted layer in the model is reassured or not. Quotient model parameters are in 
rank order according to the calculated score, and the score is 0 once a threshold is reached. In 
healthcare situations, issues associated with neglect can occur. The convolutional neural 
network derives these conditions from the already explained. It is frequently used in medical 
conditions such as pathology, oncology, and rare diseases. Amplified or unprocessed cells are 
classified better by a convolutional neural network. For instance, cytological tests, each up to 
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50–70,000 involved cells, are a resource of information that is problematic for human sight 
but possibly a judgmental evaluation for a computer. An automated model accelerates the 
resolution thanks to the introduction of information in the representation of extra pixels. 
Generally, the appraiser has the same visualization angle, the specific zone, the scale of the 
image or other properties of the photograph. 

 
            Fig 4: AI, ML, and DL in digital health care 

4.1. Overview of AI and ML Technologies                        Artificial Intelligence (AI) and 
Machine Learning (ML) are two of the most rapidly expanding technological sectors. This 
subsection provides an in-depth appreciation of the technological aspect of these fields. 
Readers are given preparatory instructions and definitions on certain research topics and 
terminology, before exiting it and entering a much broader discussion of the wider potential 
use of the newly emerging AI and ML technologies in health settings. The focus here is 
specifically on the application to Rare Disease Support, but by no means is this to undervalue 
the many other meaningful ways in which AI and ML are changing care contexts. 

No subheadings will appear again in the article as these are context-specific. Section titles 
below are for reference only, written to fully inform the article structure, which is: 4.1. 
Overview of AI and ML Technologies, 4.2. Big Data in Health: Vocalis and Many Others, 
4.3. Networking for Improved AI and ML Use Across the Rare Diseases Sector, 5. 
Professional Society Involvement, 6. Privacy and Security in a Web 3.0 World, and 7. Deep 
PROfound Change: Transformative Applications of AI and ML in Personalized Treatment 
Pathways . The wider relevance and significance of this technology in terms of resonance 
with the overarching objectives stated under the Introduction are emphasized in the final 
paragraph here. Nor is this treatment to limit the scope for broader feedback and contribution 
around other points of this draft. The following subsection is intended to serve as a basic (and 
non-definitive) primer on AI and ML. 

There are a number of established resources that define certain aspects of AI and ML. 
Measures may be taken to ensure compliance with the principles governing the use and 
implementation of these technologies. There can be a tendency for people within the industry 
to use terminology that is easily confused, sometimes counterintuitively so. It aims to provide 
a grounding in the most basic of definitions, which will be critical to interpretation of ongoing 
work focused on data platforms powered by AI and ML. Reasons are given for why AI and 
ML have such potential in healthcare. It is seen that the problems of how to democratize this 
rapidly developing technology in the care sector are increasingly pressing, too. 

5. Transformative Applications of AI and ML in Rare Disease Support 
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Artificial intelligence (AI) and machine learning (ML) are revolutionizing healthcare. AI and 
ML are a broad range of technologies allowing machines to execute operations that require 
intelligence and ML yielding machines to learn from experience. Technological leap 
advancements have recently been seen in the methods and applications of the technologies. 
AI and ML have enhanced treatment of diseases, diagnosis, understanding of disease 
mechanisms, gene/protein function prediction, biosignature and bioimage finding, therapy 
force, and screening of drugs. A type of AI, neural networks can be utilized to analyze intricate 
forms of datasets identifying patterns that were previously indistinguishable, leading to both 
the enhanced understanding of the mechanism of the disease and the ability to apply these 
findings to better effect care for patients, such as allowing timely intervention and 
personalizing the therapeutic approach. 

There are myriad applications of AI and ML in healthcare, including enhancement of medical 
image processing, diagnosis and prediction of diseases, optimization of hospital operations, 
and support of patient care by monitoring their health. Here, however, his focus is on 
applications supporting diagnosed patient care; further specifics provided response to the 
urgent needs of rare disease patients. Rare diseases, defined by the World Health Organization 
by the European Union as diseases affecting fewer than five in every 10,000 people, are of 
high unmet medical need due to lack of effective treatment options. Numerous rare diseases 
occur due to genes’ loss-of-function where the neural network has been discovered to be very 
valuable in the prediction of gene function analysis. However, most rare diseases have no 
well-known mechanism. This technology can be applied to analyze various data from rare 
disease patients, help them understand the mechanism of their disease and provide necessary 
treatment pathways, one of the priorities also set by EURORDIS. As AI can learn 
continuously from the data, it will be possible to adapt for long-term care, learning and 
adapting to newly incoming patient data. 

 
            Fig 5: Health Care Applications of Deep Learning in Computational Medicine 

5.1. Enhanced Diagnosis through Neural Networks                There is considerable discussion 
regarding the transformative applications AI and ML have in the development and utilization 
of personalized treatment pathways. Within rare disease management, these technological 
advancements can prove especially beneficial due to the highly heterogeneous, complex, and 
frequently understudied nature of rare conditions. Additionally, when thinking about the 
scope of rare diseases, it becomes clear that no single clinician can be simultaneously 
knowledgeable about all potential conditions. The offering of clinical support for rare diseases 
is both finding the necessary data and passing this information onto patients and carers. 
Deploying AI to support this challenging work can significantly enhance the options and 
quality of support for these populations. This subsection explores the possibilities of advanced 
neural networks in enhancing rare disease support and diagnosis through clinical suspicion. 
Drawing on the rapidly developing field of genomics and large medical datasets, this 
possibility is both state-of-the-art and immediately beneficial. 

Starting with a discussion of the diagnostic process, it quickly becomes clear that neural 
networks can fundamentally improve this process through the interpretation of clinical data. 
On a structural level, there are configurations of such networks suitable for the distribution of 
medical data. Moving on to functionality, the burgeoning ability of neural networks to 
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understand non-linear patterns, including the interpretation of genomic data, questions the 
essentials of anatomical knowledge. This is backed by an emerging body of evidence that 
support vectors can find disease markers that are missed by ‘classical’ genomics analysis. It 
then highlighted the utmost importance of early recognition of complex phenotypes in many 
monogenic diseases. Until recently, symptomatology thresholded on extreme percentiles of 
population was used, as seen in the analysis of human phenotypic conditions. When a simpler 
model of monogenic disease and available terms was used as a support vector, networks 
outperformed humans in 86% of cases. Such findings carry substantial importance in most 
rare monogenic diseases, where complex symptom patterns and population variations that 
drive these are poorly studied; comparing clinical symptoms thresholds with available terms 
is a common and deceptive fallacy. Quite the opposite, overwhelming evidence supports the 
utility of deep learning and support vector machines in the recognition of subtle population 
variations. This is also accompanied by observations that much more complex patterns are 
understood by support vectors rather than humans. Lastly, a time-sensitive context of 
diagnosing acute rare diseases is accentuated. It has arrived at the understanding that the most 
instrumental application AI can have for rare diseases is the enhancement of workflow, 
enabling fast symptoms analysis and parallel work on basing conditions. In a clinical setting 
where time is crucial, this may mean an ability to swiftly decide about a patient and perform 
particular examinations. The great speed at which networks work, being able to analyze in 
less than a second, is noted. Most importantly, in the case of networks, it can produce results 
directly on the medical data, and these correlate with ground truth more than 96% (75% for 
human clinicians). Needless to say, the non-corporeal computer nature of neural networks 
translates in accuracy unobtainable for human cognition. For these reasons, AI can radically 
change the current diagnostic approach, produce direct interpretation of medical test, and 
overall vastly improve patient outcomes. With increasing availability of such systems, 
healthcare becomes more fortunate both for complex genetic conditions and all rare diseases. 
This creates many possibilities of rapidly creating specialized clinics working in a manner 
that the triage of any human can only envy, not to mention ability to identify nearly any acute 
rare diseases directly from admission. The proliferation can greatly contribute to modern 
healthcare, fostering personalized treatment and high efficiency at times forgotten by growing 
patient caseloads. Amplifying more specialized diseases as an example, creating a more 
detailed model of fast analysis for phenotypic conditions alone is already of great potential 
benefit. To conclude with proposed research, the plethora of deployment for neural networks 
in diagnosis that is only underscored with the rise of deep learning is fascinating, although 
questions about the broad utilization of such results and real-world benefits in managing 
support for rare diseases remain. 

Equ 3: Predictive Model Evaluation (AUC-ROC Curve) 

 
 
6. Case Studies and Success Stories 

Technologies such as AI and ML are revolutionizing healthcare, making it well placed for 
future investment of governments and institutions. Demonstrated real-world examples of how 
technologies can support healthcare with rare diseases as use cases. In order to develop those 
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solutions that are iterative and require deep dialogue and understanding with healthcare 
professionals, patient advocacy groups, and patients. These solutions most likely and most 
readily speak to rare diseases. One such example was able not only to reduce the time of 
expert consensus by 50%, but also increase the level of agreement among such experts by 
more than 10%. In 2015, there were 162 AI solutions in healthcare globally. In 2020, this 
increased to more than 500. Not only the number of solutions, but also the number of 
institutions employing such technologies is growing rapidly. 

Improved solutions could be expected in four areas: enhancing personalized treatment 
pathways, increasing patient support, more efficiently using big data, and influencing the 
shaping of supportive policy frameworks. Successful case studies underline that kind of 
iterative development, as well as starting from point solutions and gradually building more 
complex systems. Additionally, promotion of mHealth adoption is crucial and better dialogue 
between the healthcare sector and technology sector is required to positively shape policy 
frameworks. To maintain such a fast evolution, it is key to continually assess, monitor, and 
evaluate both the impact and ethical implications of these technologies. This fast-evolving 
sector is not without its challenges. Being able to develop a solution with meaningful impact 
in collaboration with healthcare providers. It is also important to engage with patients, 
healthcare professionals, or patient advocacy groups, because they not only better understand 
underlying disease, but also the real-world difficulties of those facing rare disease 
communities. 

 
              Fig : Revolutionizing healthcare a comparative insight into deep learning’s role in 
medical imaging 

6.1. Real-world Examples of AI and ML in Rare Disease Support                                                                          
While AI and ML can seem abstract and challenging to conceptualize as tools, they have been 
used in real-world health case studies on rare disease patients and have shown substantial 
improvements. Rare disease patients of diverse ages across global settings from rural India to 
metropolitan U.S.A. in multiple rare diseases from muscular dystrophy to acid 
sphingomyelinase deficiency (ASMD) are treated more optimally thanks to evidence-based 
AI and ML tools. The subjects present here are multiple references and lessons learned from 
the unique opportunities to collaborate with the premier medical experts, patient advocates, 
and digitally savvy young computer scientists who are likewise passionate about improving 
their healthcare. Carefully designed ML pipelines can automate and improve the accurate 
decision-making process. An advanced neural network model outperforms practitioners for 
magnetic resonance imaging (MRI) and genetic data for undiagnosed muscular dystrophy 
patients. It can support more timely and accurate diagnostics and holistically recommend best 
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available care options. It has been a focus of various ongoing and at least one completed 
request for proposal (RFP) and funded development projects. ML algorithms, particularly the 
ensemble extreme boosting gradient (XGBoost) model, can significantly improve short- (1 
year after the treatment) and long-term (4 years after the treatment) outcomes of enzyme 
replacement therapy (ERT) for ASMD patients when compared to current clinical care or 
common machine learning classifiers. Real-world execution further underlines the importance 
of data cruciality, the choice of methodology, the need for team collaboration, and the 
challenges to scaling technology locally and globally. This additional work offers broader 
insights into the development, validation, and possible execution of such AI and ML tools, as 
well as emphasizing the necessity for wider education and investment in meeting the 
comprehensive care need. 

7. Ethical Considerations and Conclusion 

Advanced medical approaches, predictive algorithmic solutions, and exceptional neural 
network designs are being revealed to experiment with developing a cohort of scientific AI 
tools. This theoretical work illustrates a possible use of AI-adaptive forecasters and networked 
ML classifiers for screening various disease indicators and manipulation of intricate 
personalized treatment pathways. The future medical AI could proactively manage 
personalized symptomatology, suggest desired lifestyle choices, automatically segment 
medical images, and predict potential disease developments within the spatial brain tissue 
and/or network changes. At the same time, there is a need for a comprehensive framework of 
moral, legal, and regulatory premises guiding the potential benefits and risks of adoption and 
deployment of these neural network developments throughout the forthcoming progressive 
healthcare shifts. What role do such frameworks play and to what end are they pursued? In 
the first place, they seek to direct the design and application of such systems in ways that 
maximize the public good while also highlighting and mitigating any associated risks. 
Systems developed and implemented by technologists, engineers, medical professionals, and 
others can bring about profound changes in the way we live—yet it is not always obvious 
what these changes will be, nor who will benefit. On the contrary, the transformative potential 
of such systems could make them a potential source of considerable harm. Developed system 
applications, like AI-based expert advisory, patient forecasting, and causal modeling, will 
hold a critical need for appropriate legal and ethical decision-making frameworks. On the one 
hand, these frameworks can place safeguards and legal checks on the development and 
deployment of systems that operate at the margins of scientific inquiry, potential illegality, or 
harm. On the other hand, it can also spur the development of technologies and systems that 
anticipate and evaluate these impacts proactively while also providing a foundation from 
which these systems can deliver the most benefit. 

7.1. Ethical Implications of AI and ML in Healthcare Artificial intelligence (AI) and machine 
learning (ML) have the potential to transform the provision of healthcare in a variety of ways. 
They have already drastically improved diagnoses and provided a richer understanding of rare 
and complex diseases. AI and ML are increasingly employed to predict individual outcomes 
of diseases and to guide personalized treatment pathways. However, the integration of AI into 
healthcare is complex and raises a host of ethical, legal, and societal challenges. 

The Ethical Implications of AI and ML in Healthcare subsection delves deeper into the 
specific ethical challenges posed by the use of these technologies in medicine. At present, 
digital tools must be transparent and furnish proper documentation to prove their validity. 
Gaps in this transparency could lead to problems in most healthcare areas. Security and 
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privacy must also be taken into account during the entire pathway relevant to digital tools. 
Any kind of medical data acquisition process ought to be run with the patient’s tacit approval 
following sector technical protocols. Approaching the ethical aspects of patient safety 
strongly intimates the foundation of clinical validation criteria and compliance with the 
current strict European regulation. These technological breakthroughs have a great impact on 
society and involve a wide variety of ethical and regulatory issues concerning safety, privacy, 
accuracy, and accountability. Also, the leap from research applications to new tools poses 
legal issues linked to the shift to a high technological development level. There is also a lack 
of approved and standardized national guidelines for collaboration between developers and 
healthcare institutions. To build greater public trust around these novel applications 
nationwide, it is crucial to introduce clear ethical principles and rules providing for the right 
of patients not to know, safeguarding healthcare professionals, and promoting a “restitutional” 
digital approach. Finally, local governments need to develop a national deontological code 
ensuring compliance with best practices in the context of the AI transformation fostering 
responsible innovation. 
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