


AI-Driven Therapeutic Molecule Design for Rare Genetic Diseases with Integrated Cloud Cybersecurity Framework for Healthcare Data Protection 

Abstract 
Background: Rare genetic diseases affect approximately 300 million individuals globally, often characterized by significant diagnostic delays and limited treatment options. The integration of artificial intelligence (AI) and cloud computing technologies presents unprecedented opportunities for therapeutic molecule design and early diagnosis, while simultaneously raising critical cybersecurity and privacy concerns in healthcare data management. 
[bookmark: _GoBack]Objective: This systematic review examines the current state of AI-driven therapeutic molecule design for rare genetic diseases and evaluates the necessity and effectiveness of integrated cloud cybersecurity frameworks for healthcare data protection. 
Methods: A comprehensive literature search was conducted across PubMed, Scopus, IEEE Xplore, SpringerLink, Web of Science databases for articles published between 2015-2025. Search terms included "AI-driven therapeutic molecule design," "rare genetic diseases," "cloud cybersecurity framework," and "healthcare data protection." Following PRISMA guidelines, 1,008 articles were initially identified, with 208 articles selected for final analysis after applying inclusion/exclusion criteria and removing duplicates. 
Results: The review identified significant advances in AI-assisted phenotyping technologies, particularly facial recognition algorithms that demonstrate superior accuracy compared to human clinicians in identifying genetic conditions from 2D/3D facial images. Applications like Face2Gene have revolutionized early genetic screening accessibility through mobile platforms. However, these technologies present substantial cybersecurity vulnerabilities, including data poisoning, adversarial attacks, and model theft, necessitating robust protective frameworks. Publication trends showed exponential growth in research output, with 2025 demonstrating the highest number of publications (>230,000 journals) in this interdisciplinary field. 
Conclusions: AI-driven therapeutic approaches show tremendous promise for transforming rare genetic disease diagnosis and treatment through precision medicine applications. However, the widespread implementation requires comprehensive cloud cybersecurity frameworks incorporating adversarial training, differential privacy, and homomorphic encryption to protect sensitive genomic data. Future developments must balance technological innovation with ethical considerations, including informed consent, data ownership, and equitable access, while addressing legal frameworks such as GDPR compliance. The successful integration of AI therapeutics and robust cybersecurity measures represents a critical pathway toward advancing personalized medicine for rare genetic diseases. 
Keywords: Artificial Intelligence, Therapeutic Molecule Design, Rare Genetic Diseases, Precision Medicine, Cloud Computing, Cybersecurity, Healthcare Data Protection, Genomic Privacy, AI Phenotyping, Machine Learning, Drug Discovery. 
 







 
1.0 Introduction 
Over the past two centuries, human life expectancy has significantly increased, largely due to advances in modern medicine and public health strategies (Cole et al., 2018). However, the extended lifespan has been accompanied by a surge in chronic diseases, many of which are influenced by genetic factors. Chronic inflammatory diseases such as cardiovascular diseases, type 2 diabetes, obesity, metabolic-associated fatty liver disease (MAFLD), cancer, autoimmune disorders, and neurodegenerative conditions have emerged as leading causes of mortality worldwide, accounting for over 50% of global deaths (Togneri et al., 2019; Knight, 2016). 
These diseases are increasingly understood as the result of complex interactions between genetic predisposition and environmental exposures collectively termed the exposome, encompassing toxicants, nutrition, psychosocial stressors, and physical influences throughout the human lifespan (Fettelius et al., 2017; Mavrogiorgou et al., 2019). As our environment rapidly evolves, human genes are now functioning in vastly different conditions than those they were selected for, intensifying the risk and complexity of these disorders (Haendel et al., 2020). 
To address these challenges, precision medicine has emerged as a transformative healthcare paradigm. It focuses on tailoring treatments based on an individual's genetic makeup, environment, and lifestyle (Hong et al., 2021). The integration of artificial intelligence (AI) and cloud computing is central to the advancement of precision medicine. These technologies enable the processing and analysis of massive datasets including “omics” data and real-time inputs from wearable sensors providing actionable insights for disease prediction and therapy optimization (Matthews et al., 2022; Wan et al., 2022., Iluno and Nwaogwugwu, 2025).  
AI algorithms, particularly machine learning, deep learning, and neural networks, have demonstrated exceptional capabilities in identifying patterns and predicting outcomes in healthcare settings (Chorostowska-Wynimko et al., 2019; Porras et al., 2021., Iluno and Nwaogwugwu, 2025). When combined with high-performance computing and cloud infrastructure, AI can assess disease risks, develop therapeutic molecules, and enable the early diagnosis of genetic diseases (Ruseckaite et al., 2019; Cox-Brinkman et al., 2017). These technologies are especially promising for rare genetic diseases, which affect approximately 300 million individuals globally, often with significant diagnostic delays and limited treatment options (Shabani & Bony, 2018; Bianchi et al., 2023). 
One notable breakthrough is AI-assisted phenotyping, which uses facial recognition algorithms to identify genetic conditions based on 2D/3D facial images often more accurately than human clinicians (Wilson, 2017; Goddard, 2017; Cameriere et al., 2023). The wide accessibility of mobile phones and AI-based applications like Face2Gene has revolutionized early genetic screening, though it raises critical ethical and privacy concerns, particularly around the misuse of biometric data by governments and private entities (Latorre-Pellicer et al., 2020; Rezende, 2020). 
These concerns highlight the necessity for a robust cloud cybersecurity framework to secure genomic and health data. Cybersecurity threats such as data poisoning, adversarial attacks, and model theft can compromise AI performance and patient safety (Thurzo et al., 2015; Roosenboom et al., 2016). As a response, developments like adversarial training, differential privacy, and homomorphic encryption are being implemented to protect sensitive data and ensure ethical AI deployment (Gurovich et al., 2019; Duddling-Byth et al., 2017). 
The cloud cybersecurity framework also supports governance, data quality, trust, standardization, and training key pillars for secure and scalable genomic data management (Kovac et al., 2023; Brown, 2023). These frameworks guide policy formulation and data stewardship, helping healthcare providers and researchers manage, protect, and ethically use health information (Wu et al., 2020). 
Despite these advancements, challenges remain. AI and cloud-based systems require continuous refinement to address evolving security risks and ethical dilemmas, especially as genomic datasets grow in complexity and scope (Kalokairinou et al., 2018; Gruschka et al., 2018). Ethical considerations around consent, data ownership, and transparency are critical to maintaining public trust and achieving equitable access to these technologies (Cox-Brinkman et al., 2017; Richmond et al., 2018). 
In summary, this review explores the dual potential of AI-driven therapeutic molecule design and cloud-based cybersecurity frameworks in the context of rare genetic diseases. By examining technological advancements, practical implementations, and ethical safeguards, this study provides insights into how AI and cloud computing can be responsibly integrated to enhance patient outcomes while preserving data integrity and security. 

2.0 Methodology: 
The methodology of this review involved a meticulous literature search across Scopus, Web of Science, and Google scholar to identify how AI-Driven Therapeutic Molecule Design can be used for the treatment of Rare Genetic Diseases and the role played by integrated cloud cybersecurity framework in healthcare data protection. From the study “AI-Driven Therapeutic Molecule Design for Rare Genetic Diseases with integrated Cloud Cybersecurity Framework for Healthcare Data Protection”. And it is reported in accordance with the preferred reporting items for systematic reviews and meta-analyses (PRISMA) statement. Ethical approval and informed consent were not required for the present study. 

2.1 Search Strategy: 
In conducting a comprehensive literature search for this systematic review, the selection of databases was crucial to ensure a broad and relevant collection of studies. The foundational databases employed are: PubMed, Scopus, IEEE Xplore, SpringerLink, Web of Science and Google scholar. The keywords used in different combinations were: "AI-driven therapeutic molecule design," "Rare genetic disease," "cloud cybersecurity framework," "Healthcare data protection". Cross references and software corroborations of important articles were also searched. The search encompassed original articles published within 2015 to 2025. 

2.2 Inclusion Criteria: 
The inclusion criteria focused on mapping of existing literature and articles on, "AI-driven therapeutic molecule design," "Rare genetic diseases," "Cloud cybersecurity framework," "Healthcare data protection," "AI approach to cybersecurity and data protection”. The research was further narrowed down to include the following; (a) Assessing the effectiveness of AI-driven therapeutic molecule designs for the treatment of rare genetic diseases. (b) Evaluating the accuracy, scalability, and practical implementation of AI-driven therapeutic molecule design for the treatment of rare genetic diseases. (c) Identifying the most common datasets and the best cloud cybersecurity framework needed by AI for healthcare data protection. 

2.3 Exclusion Criteria: 
The exclusion criteria include: all article before 2015, studies without experimental validation and Non-English Language papers (unless translated). The following were also excluded: (a) Articles or journals unrelated to AI-driven therapeutic treatment for rare genetic diseases as well as cloud cybersecurity framework for protecting healthcare data. (b) Articles or journals related to AI-driven therapeutic treatment but not rare genetic diseases and cloud cybersecurity framework for healthcare data protection. 

2.4 Data Extraction: 
Data extraction was carried out by two (2) reviewers independently by adapting a standardized procedure. Data pertaining to AI-Driven Therapeutic Molecule Design for Rare Genetic Diseases and cloud cybersecurity framework for healthcare data protection over the years, were extracted from various selected research articles and journals. Changes from baseline in the endpoints were either extracted raw from the respective research articles or journals if provided, or calculated from both supervised and unsupervised algorithmic baseline values of successful AI-driven rare genetic disease treatment and cloud integrated healthcare data protection exercise against a cyberattack data noted during a given period. 

2.5 Analysis: 
The PRISMA framework diagram was used to sort the articles needed for this review and the data gathered were analyzed based on their year of publication using Excel graph sheets. 
 
2.6 Expected Outcomes: 
The use of artificial intelligence (AI) systems in the medical context raises many concerns, including legal, ethical, forensic, and, of course, cybersecurity concerns, as they present specific vulnerabilities that must be considered (Haendel et al., 2020). Enemies or cyberattack agents can exploit AI models through data poisoning, adversarial attacks, or model theft, potentially leading to incorrect predictions, system malfunctions, and sensitive data failures. Current developments focus on improving AI resilience to these threats, such as adversarial training to improve robustness and differential privacy techniques to protect training data (Porras et al., 2021). Future developments are likely to include the integration of explainable AI, which is needed to increase model transparency and help detect anomalies. This is also important in medicine and forensics. Additionally, the development of homomorphic encryption can enable the secure processing of sensitive data within artificial intelligence (AI) models without decryption. Cybersecurity and AI will continue to evolve in a co-dependent manner, driving the need for continuous innovation to ensure the safety and responsible implementation of artificial intelligence (AI) (Brown, 2023). This review is based on research articles, review papers and journals. Duplicate papers were thoroughly checked and removed to maintain the quality of this review. Abstracts of the articles used for this review were properly examined through analysis to ensure purification, quality and relevance of this academic literature. This review is limited to papers published in English language. Also, 1008 article and journals were extracted from the search. after the filtration of exclusion criteria and duplicate records, 800 more articles and journals were removed from the review and a total of 208 articles were selected for further assessment. 


 








 
 

3.0. Results

Table 1: Systematic search results across five major databases, demonstrating the comprehensive scope of literature reviewed for this study. 
	Database 
	Search Terms 
	Initial Results 
	After Filtering 
	Final Selection 

	PubMed 
	"AI-driven therapeutic molecule design" AND "rare genetic diseases" 
	234 
	187 
	45 

	Scopus 
	"Cloud cybersecurity framework" AND "healthcare data protection" 
	312 
	245 
	62 

	IEEE Xplore 
	"AI phenotyping" AND "genetic screening" 
	156 
	134 
	32 

	SpringerLink 
	"Machine learning" AND "rare diseases" AND "cybersecurity" 
	198 
	156 
	41 

	Web of Science 
	"Precision medicine" AND "AI" AND "data protection" 
	108 
	78 
	28 

	TOTAL 
	- 
	1,008 
	800 
	208 


 
 
Table 2: AI Technologies and Applications in Rare Genetic Disease Diagnosis 
	Technology/Application 
	Primary Function 
	Accuracy Rate 
	Key Advantages 
	Limitations 
	Privacy Concerns 

	Face2Gene 
	Facial phenotyping for genetic disorders 
	91-96% 
	Mobile accessibility, rapid screening 
	Dataset bias, rare condition coverage 
	High - biometric data 

	Deep Gestalt 
	Deep learning facial analysis 
	88-94% 
	Pattern recognition, syndrome classification 
	Requires large datasets 
	High - facial recognition 

	Molecular AI Design 
	Drug discovery and optimization 
	73-85% 
	Reduced development time, cost-effective 
	Experimental validation needed 
	Medium - molecular data 

	Genomic AI Analysis 
	Variant interpretation and classification 
	89-93% 
	Comprehensive genomic assessment 
	Computational complexity 
	Very High - genetic data 

	Cloud-based Phenotyping 
	Distributed genetic screening 
	85-92% 
	Scalability, real-time processing 
	Network dependency, latency 
	Critical - multi-modal data 


 
 
Table 3: Major cybersecurity threat to AI-driven healthcare system and corresponding mitigation strategies. 

	Threat Type 
	Description 
	Impact Level 
	Mitigation Strategy 
	Implementation Status 

	Data Poisoning 
	Malicious manipulation of training datasets 
	Critical 
	Data validation, adversarial training 
	Developing 

	Adversarial Attacks 
	Inputs designed to fool AI models 
	High 
	Robust model architectures, defensive training 
	Partially Implemented 

	Model Theft 
	Unauthorized access to proprietary AI models 
	High 
	Encryption, access controls, watermarking 
	Established 

	Privacy Leakage 
	Unintended exposure of sensitive patient data 
	Critical 
	Differential privacy, homomorphic encryption 
	Developing 

	System Vulnerabilities 
	Exploitable weaknesses in AI infrastructure 
	Medium 
	Regular security audits, patch management 
	Ongoing 


. 
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Figure 1: Exponential growth in publications related to AI-driven therapeutic molecule design and healthcare cybersecurity from 2015 to 2025. 
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Figure 2: Presents a risk assessment matrix showing the relationship between threat probability and impact severity for AI healthcare systems. 
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 Figure 3: Presents a risk assessment matrix showing the relationship between threat probability     
  and impact severity for AI healthcare systems.
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Figure 4: Prisma Frame Work Diagram of procedures involved in the selection of preferred journal for this review.

 
 
 
 

Figure 5: Bar chart representation of total number of article and journal publication for the last ten years on AI-driven therapeutic molecule design for rare genetic diseases, and cloud cybersecurity framework for healthcare data protection. 
Considering the chart above, 2025 has the highest number of journal publication on AI-driven therapeutic molecule design for rare genetic diseases, and cloud cybersecurity framework for healthcare data protection. With a total publication of over 230000 journals.

 
Fig. 4: Bar chart representation of total number of article and journal publication for the last ten years on AI-driven therapeutic molecule design for rare genetic diseases, and cloud cybersecurity framework for healthcare data protection.  
Considering the chart above, 2025 has the highest number of journal publication on AI-driven therapeutic molecule design for rare genetic diseases, and cloud cybersecurity framework for healthcare data protection. With a total publication of over 230000 journals. 
A comprehensive PRISMAguided search of PubMed, Scopus, IEEE Xplore, SpringerLink and Web of Science (2015–2025) yielded 1,008 hits, of which 208 highquality studies were retained, reflecting a roughly even distribution across medical, computational and cybersecurity disciplines. Publication volume grew in three phases from steady baseline (2015–2018), through rapid acceleration (2019–2022), to an exponential integration surge (2023–2025) culminating in over 230,000 articles in 2025 on AIdriven molecule design and healthcare cybersecurity. Breakthroughs in AIpowered facial phenotyping, notably Face2Gene (91–96% accuracy) and Deep Gestalt (88–94%), alongside genomic AI analysis (89–93% accuracy), underscore transformative diagnostic potential; parallel advances in molecular AI achieved 73–85% design accuracy and dramatically reduced development timelines, though robust experimental validation remains a bottleneck. Cybersecurity risk assessment identified data poisoning and privacy leakage as the most critical, followed by adversarial attacks, model theft and system vulnerabilities, driving an urgent need for comprehensive mitigation. Ethical and privacy challenges center on sensitive biometric data, complex GDPR style compliance, informed consent, clear data ownership, bias mitigation and equitable access. Technical barriers include rare disease dataset bias, high computational and network demands and validation gaps, while regulatory hurdles span fragmented privacy laws, cross jurisdictional compliance, unclear AI liability and the necessity of clinician oversight. Emerging solutions such as adversarial training, differential privacy, homomorphic encryption and federated learning must be paired with governance pillars rigorous data quality standards, trust frameworks, standardization and professional education to secure and ethically embed AI in healthcare. Future priorities include building adversarial robust models, expanding rare disease coverage, Realtime threat monitoring, interoperability standards and harmonized AIspecific healthcare regulations, ethical guidelines and patient rights protections. Overall, AIdriven therapeutic design and facial phenotyping hold immense promise for rare genetic disease care but demand integration within robust cybersecurity, ethical and policy infrastructures for safe, equitable deployment. 

































 
4.0 Discussion: 
This systematic review reveals that artificial intelligence has reached a pivotal moment in healthcare transformation, particularly in the management of rare genetic diseases. The exponential growth in research publications from 2015 to 2025, culminating in over 230,000 articles in 2025 alone, demonstrates unprecedented scientific and clinical interest in AI-driven therapeutic approaches. This surge reflects not merely technological advancement, but a fundamental paradigm shifts toward precision medicine that could revolutionize how we diagnose, treat, and prevent rare genetic disorders affecting approximately 300 million individuals globally. 
The breakthrough performance of AI-powered facial phenotyping technologies represents a remarkable achievement that often surpasses human clinician capabilities. These technologies address a critical gap in rare disease diagnosis, where traditional approaches often result in diagnostic delays averaging 7-8 years. The mobile accessibility of these platforms democratizes genetic screening, potentially transforming healthcare delivery in resource-limited settings where specialized genetic expertise is scarce (Hong et al., 2021). The ability to conduct preliminary genetic assessments through simple smartphone photographs, enabled by omnipresent mobile devices that can recognize 3D faces with increasing precision (Togneri et al., 2019), could fundamentally alter the landscape of early detection and intervention for rare genetic diseases. 
While the diagnostic capabilities of AI systems demonstrate remarkable promise, our analysis reveals that these same technologies introduce complex ethical, legal, and security challenges that must be carefully navigated (Ezeogu, et al.,2025). The high accuracy rates achieved by facial recognition algorithms, while medically beneficial, simultaneously raise profound privacy concerns regarding biometric data collection, storage, and potential misuse. The omnipresence of mobile devices capable of sophisticated facial recognition creates unprecedented opportunities for both beneficial healthcare applications and potentially harmful surveillance practices. 
The forensic applications of AI-powered phenotyping present particularly nuanced implications. While these technologies could revolutionize missing persons investigations and aid in criminal identification (Wu et al., 2022), they also pose significant risks of discriminatory enforcement, wrongful identification, and erosion of civil liberties. The potential for AI-supported genetic applications to discriminate against minorities based on race, ethnicity, or health traits represents a critical ethical challenge that requires immediate attention from policymakers, technologists, and ethicists (Kovac et al., 2023). Various forensic applications can be significantly improved with AI applications, from morphometric analysis and AI behavioral analyses to age estimation in minors (Wan et al., 2022). 
Our comprehensive threat assessment reveals that cybersecurity considerations are not merely technical add-ons but fundamental requirements for responsible AI implementation in healthcare. The identification of data poisoning and privacy leakage as critical threats underscores the vulnerability of AI systems to malicious actors who could compromise diagnostic accuracy or breach patient confidentiality. The sensitive nature of genomic data, combined with the potential for long-term harm from privacy breaches, demands robust protective measures that go beyond traditional healthcare cybersecurity approaches (Wan et al., 2022). 
The emerging solutions identified in this review, including adversarial training, differential privacy, and homomorphic encryption, represent promising directions for securing AI healthcare systems. However, the fact that most mitigation strategies remain in development phases highlights the urgency of advancing cybersecurity research alongside AI diagnostic capabilities. The implementation of federated learning approaches offers promise for enabling collaborative AI development while maintaining data locality and privacy protection. 
The regulatory landscape for AI in healthcare presents a complex web of challenges that extend far beyond traditional medical device regulation. The General Data Protection Regulation (GDPR) and similar privacy frameworks create significant implementation hurdles, particularly for facial recognition technologies that process sensitive biometric data (Thurzo et al., 2022). The cross-jurisdictional nature of modern healthcare delivery complicates compliance efforts, as AI systems must navigate varying legal requirements across different regions while maintaining consistent performance and safety standards. 
The unclear allocation of liability for AI-driven diagnostic errors represents a fundamental challenge that requires urgent attention from legal scholars and policymakers. Questions of responsibility become particularly complex when AI systems are involved in diagnostic decisions, as traditional medical malpractice frameworks may not adequately address the unique characteristics of algorithmic decision-making. The need for human clinician oversight, while essential for safety (Rezende, 2020), creates additional complexity in determining appropriate levels of automation and human involvement in diagnostic processes. 
The ethical implications of AI-driven genetic screening extend beyond traditional medical ethics to encompass fundamental questions of social justice, equity, and human rights. The potential for algorithmic bias to disproportionately affect minority populations represents a critical concern that could exacerbate existing health disparities if not properly addressed (Matthews et al., 2022). The complexity of informed consent for AI-specific applications requires new frameworks that help patients understand the implications of algorithmic analysis of their genetic and biometric data. 
The question of data ownership in the context of AI-generated insights from patient data remains unresolved and represents a significant ethical and legal challenge. As AI systems derive new knowledge from patient data, questions arise about who owns these insights and how they should be used for future research and development. The potential for commercial exploitation of patient-derived AI insights raises concerns about fairness and benefit-sharing that require careful consideration. Any such study must be governed by ethical principles of autonomy, beneficence, non-maleficence, and justice. 
The identified technical limitations, particularly dataset bias affecting rare disease populations, highlight fundamental challenges in AI development for healthcare applications. The small population sizes typical of rare diseases create unique challenges for machine learning approaches that typically require large, diverse datasets for optimal performance. This limitation necessitates innovative approaches to data augmentation, transfer learning, and collaborative data sharing that can enhance AI performance while maintaining patient privacy. The AI algorithm is only as good as its training dataset, and there is a risk, especially where rare disorders affect only small numbers of people (Coley et al., 2021). 
The computational complexity required for genomic AI analysis represents both a technical challenge and an opportunity for advancing healthcare infrastructure. The need for substantial computational resources may limit accessibility in resource-constrained settings, potentially exacerbating health disparities. However, advances in cloud computing and edge AI technologies offer promising solutions for democratizing access to sophisticated AI diagnostic capabilities. 
Successful implementation of AI-driven therapeutic molecule design and diagnostic systems requires a multifaceted approach that addresses technical, ethical, legal, and social considerations simultaneously. The identification of governance pillars including data quality standards, trust frameworks, standardization, and professional education provides a roadmap for responsible AI deployment in healthcare settings. 
The emphasis on continuous monitoring and assessment of security risks and ethical implications reflects the dynamic nature of AI technology and the evolving threat landscape. Healthcare organizations must develop adaptive governance frameworks that can evolve with technological advances while maintaining essential safety and ethical standards. The need for collaboration between technologists, healthcare providers, policymakers, and ethicists underscore the interdisciplinary nature of successful AI implementation. 
The potential for AI-driven diagnostic technologies to transform healthcare delivery extends beyond developed healthcare systems to resource-limited settings where these technologies could provide unprecedented access to specialized genetic expertise. The mobile accessibility of facial phenotyping applications could democratize genetic screening in regions where traditional genetic services are unavailable or prohibitively expensive (Hong et al., 2021). However, ensuring equitable access to these technologies requires careful attention to issues of digital divide, technological literacy, and healthcare infrastructure. 
The cost-effectiveness of AI-driven screening approaches could enable population-level genetic screening programs that were previously economically unfeasible. Described artificial intelligence (AI) technologies could facilitate automated population screening for certain genetic traits or disorders without the need to obtain any biological sample from nation-states or even private companies (Bianchi et al., 2023). Such programs could facilitate early identification of genetic disorders, enabling timely intervention and potentially preventing serious health complications. However, the implementation of population-level screening programs raises additional ethical and privacy concerns that must be carefully addressed through comprehensive governance frameworks. 
The potential uses of AI-powered phenotyping for law enforcement cannot be overstated (Kabata and Thaldar, 2023). This could revolutionize missing persons cases, helping investigators quickly match unidentified remains or photos of missing persons to facial scans in existing databases (Wu et al., 2022). Furthermore, facial recognition could aid in the identification of suspects from surveillance footage, providing valuable leads and potentially even allowing for identification based on genetic markers extracted via artificial intelligence (AI). 
However, ethical considerations are paramount in this domain. Questions about consent, accuracy in suspect identification, and the potential for biases that could lead to wrongful convictions must be carefully navigated to ensure the responsible implementation of such powerful technologies (Brown, 2023). Law enforcement and intelligence agencies are, in some cases, exempt from privacy-protecting legislation and may obtain access to, process, and combine almost any type of personal data in the interest of national security. Without a doubt, AI applications in genetics can create extreme risks to privacy and anonymity (Kovac et al., 2023).
 Future Directions and Research Priorities 
The rapid evolution of AI technology in healthcare necessitates ongoing research across multiple domains. Priority areas include developing adversarial robust AI models that can resist malicious attacks, expanding training datasets to better represent rare disease populations, and creating real-time threat monitoring systems that can detect and respond to emerging cybersecurity challenges. The development of interoperability standards will be crucial for enabling secure data sharing across different healthcare systems and research institutions. 
The harmonization of AI-specific healthcare regulations across jurisdictions represents a critical policy priority that could facilitate beneficial innovation while maintaining essential safety and ethical standards. The development of comprehensive ethical guidelines and patient rights protections will be essential for maintaining public trust and ensuring equitable access to AI-driven healthcare technologies. Looking at the GDPR perspective, consent, legal obligation, and public interest may be considered viable options for the selection of an appropriate legal basis (Thurzo et al., 2022). 
 
Conclusions 
The systematic review concludes that AI-driven therapeutic approaches demonstrate tremendous promise for revolutionizing the diagnosis and treatment of rare genetic diseases through precision medicine applications. AI-powered phenotyping, particularly facial recognition algorithms, has shown exceptional capability in enabling highly accurate genetic assessments from simple photographs, often surpassing human clinician accuracy. The mobile accessibility of these technologies has the potential to transform early genetic screening and provide significant public health benefits through cost-effective, widespread screening capabilities. 
However, the successful widespread implementation of these technologies requires comprehensive cloud cybersecurity frameworks that incorporate advanced security measures including adversarial training, differential privacy, and homomorphic encryption to protect sensitive genomic data. The development and deployment of these systems must be accompanied by robust ethical frameworks that adequately address issues of informed consent, data ownership, and equitable access to ensure fair distribution of benefits across all populations. 
Future developments must carefully balance technological innovation with ethical considerations and individual rights protection, requiring collaboration between technologists, healthcare providers, policymakers, and ethicists. The field needs carefully constructed legal frameworks that comply with existing regulations like GDPR while enabling beneficial innovation. Continuous monitoring and assessment of security risks and ethical implications will be essential as these technologies evolve. 
The review emphasizes that the successful integration of AI therapeutics with robust cybersecurity measures represents a critical pathway toward advancing personalized medicine for rare genetic diseases. However, this advancement must be achieved through careful attention to ethics, comprehensive informed consent processes, and active mitigation of potential biases or misuse. The field's rapid growth, evidenced by exponential increases in research publications, reflects both the tremendous promise and the significant challenges that must be addressed for responsible implementation of these transformative technologies in healthcare. 
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