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ABSTRACT 

Combining Artificial Intelligence (AI), machine learning (ML), and 

health informatics are transforming the contemporary healthcare 

through the provision of predictive, personalized, and effective 

patient care. Combined with nanocarrier-based drug delivery 

systems, such as cubosomes, phytosomes, SMEDDS, and 

organogels, computational pharmacology maximizes the solubility, 

bioavailability, and target delivery of drugs. At the same time, the 

strong cybersecurity solutions and quality assurance systems 

guarantee the integrity of the data, its models, and their compliance 

with the various regulations. This review outlines interdisciplinary 

innovations that have brought AI, computational modeling, and 

pharmaceutical innovation together and the transformative potential 

in precision medicine. The future directions are aimed at addressing 

the issues of data heterogeneity, ethics, and clinical translation. 
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INTRODUCTION 

Artificial Intelligence (AI) is changing the way the diseases are treated, managed, and diagnosed by 

revolutionizing the healthcare ecosystem globally. The swift adoption of AI technologies (including 

machine learning (ML) algorithms and more sophisticated data analytics) has led to the emergence 

of a new generation of health informatics, in which intelligent systems can help healthcare providers 
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make decisions more quickly and more accurately [1]. Healthcare AI aims at using computational 

capability and data science to process massive volumes of clinical data (including electronic health 

records (EHRs), imaging information, genomic data, and medical history) to deliver actionable 

information to support personalized and preventive care [2]. 

Health informatics is the engine of this change as it facilitates a smooth collection, storage, analysis, 

and sharing of healthcare data in digital platforms. With the incorporation of AI, health informatics 

systems are now able to go beyond simple record keeping and become intelligent systems that can 

predictively model and track diseases and aid in clinical decision-making. Machine learning 

algorithms are being trained to identify disease indicators of the complex diseases like cancer, 

diabetes, and cardiovascular diseases earlier in advance, which greatly increases the accuracy of the 

diagnosis and patient recovery rates [3]. 

New developments have also shown how AI can be used in the sciences of drug delivery and 

pharmaceuticals to combine computational technologies with nanomedicine. The application of 

superior nanocarrier systems that include cubosomes which improves the solubility, stability and 

targeted delivery of anticancer drugs. Equally, phytosomes and organogels have become an attractive 

delivery platform, which fits the notion of precision medicine. When combined with AI and 

computational modeling, these drug delivery systems make formulations predictable and thus less 

susceptible to trial-and-error methods, and more efficient in therapeutic efficacy [4]. 

Moreover, computer science and health converge to facilitate the creation of secure and scalable 

architecture used in the management of healthcare data. With the ongoing digitalization of healthcare, 

the necessity of cybersecurity has been an essential aspect. To secure patient trust and guarantee that 

the data protection regulations are observed, AI-enabled systems should be resistant to data breaches, 

malicious attacks, and unauthorized access [5]. It is also noteworthy that quality assurance (QA) plays 

an important role in AI-based healthcare systems.  

The accuracy, reliability, and safety of the AI models, nanocarrier formulations, and health data 

systems should be verified with the help of QA frameworks before the implementation of such tools 

in clinical practice. This helps in the fact that emerging technologies do not only increase efficiency 

but also maintain patient safety and regulatory quality. AI, machine learning, nanocarrier drug 

delivery, health informatics, cybersecurity, and quality assurance are important milestones to the 

future of intelligent healthcare systems, where, even more than ever, technology and biology come 

together to deliver customized, safe, and effective medical treatment [6]. 
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ARTIFICIAL INTELLIGENCE IN MEDICAL PRACTICE 

Machine Learning (ML), which is one of the most important branches of Artificial Intelligence (AI), 

has become one of the backbones of healthcare innovation in the modern world. ML provides 

transformative opportunities in the fields of diagnostics, treatment planning, patient monitoring, and 

drug development by allowing computers to learn data and optimize performance without providing 

explicit instructions, thus offering an opportunity to transform the realm. Its connection with the 

health informatics systems will enable healthcare professionals to analyze large amounts of data, 

determine concealed patterns, and make evidence-based decisions that will improve clinical outcomes 

and operational efficiency [7]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: 1 showing applications of AI in medical practice 

The field of predictive analytics and diagnosis of diseases is one of the deepest uses of ML in 

healthcare. Machine learning algorithms have the potential to handle more complicated data sets, 
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such as medical imaging, genomic data, and electronic health records (EHRs), to predict disease risk, 

detect early pathological changes otherwise invisible to the human eye [8]. As an example, deep 

learning features have proved to be very precise in identifying cancers with radiographic images, and 

supervised learning algorithms are currently being implemented to predict cardiovascular occurrences 

with patient-specific factors like cholesterol levels, blood pressure, and genetic background [9]. 

ML is also important in personalized medicine whereby the treatment regimens are customized to the 

profiles of individual patients. The patient-specific data, drug response history and lifestyle factors 

are analyzed using algorithms that suggest customized therapies to minimize the side effects and 

maximize therapeutic outcomes. As an illustrative example, with reference to nanocarrier-based drug 

delivery systems (cubosomes, phytosomes, and organogels) investigated by ML models may be used 

to estimate the best formulation parameters, release kinetics, and bioavailability, which circumvents 

the reliance of such systems on conventional trial and error experimentation  [10]. 

In health informatics, ML allows automated routine administrative functions, including clinical 

documentation, scheduling appointments and billing, which relieves the pressure on the healthcare 

staff and increases its efficiency. The ML technique of Natural Language Processing (NLP) allows 

interpreting unstructured data such as clinical notes, medical literature, and pathology reports 

intelligently to convert them into actionable information. Such integration enhances decision support 

systems and leads to evidence-based medicine [11]. 

Additionally, ML helps in real-time monitoring of patients and early warning. Physiological data is 

constantly monitored by wearable devices and remote sensors, which are run on the basis of ML 

algorithms to identify irregularities in the body, including arrhythmias, hypoglycemia, or respiratory 

distress. The presence of such proactive monitoring will enable timely medical intervention which 

may save lives in life and death situations [12]. Nevertheless, along with enormous opportunities, the 

application of ML in healthcare is associated with issues of data privacy, algorithm transparency, and 

validation as well.  

Adequate cybersecurity to safeguard sensitive patient information and a high standard of quality 

assurance in the output of the algorithms will be required to build trust in the use of algorithms in 

healthcare [13]. Intelligent, predictive, and patient-centered healthcare systems are on the verge of 

coming into existence due to the intersection of machine learning and health informatics, 

nanotechnology, and computational modeling. With the help of the incessant learning based on the 

data, ML allows creating a future in which medicine will be more accurate, efficient, and even more 

humane and personal [14].  
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NANOCARRIER-BASED DRUG DELIVERY SYSTEMS 

The example of nanocarrier-based drug delivery systems has become a revolutionary process within 

the pharmaceutical sciences, which provides an innovative solution to drug solubility, stability, 

bioavailability and targeted delivery issues. Combination of nanotechnology and pharmaceutical 

formulation design has seen the emergence of multifunctional platforms as cubosomes, phytosomes, 

supersaturable self-microemulsifying drug delivery systems (SMEDDS), and organogels to initiate 

vast improvements in therapeutic efficacy with a minimal number of side effects [15]. These 

innovations are currently being extended to further improvements and refinement by means of AI-

based modeling, search optimization by use of machine learning (ML), and computation simulations, 

making the drug delivery process more accurate, efficient, and patient-centered [16]. 

Cubosomes are some of the most promising nanocarriers that have incredible structural and functional 

characteristics, which belong to the next generation. Cubosomes are bicontinuous cubic liquid 

crystalline nanoparticles that can entrap both lipophilic and hydrophilic drugs. They possess a special 

architecture that enables prolonged and regulated release of anticancer agents, which enhance the 

localization of drugs to the tumor region and reduce the toxicity seen in the body. Cubosomes are 

especially beneficial to cancer treatment and other chronic diseases that need extended exposure to 

drugs due to such properties [17]. Provide a new platform on which the bioavailability of 

phytochemicals and herbal extracts in cancer treatment can be improved. Phytosomes enhance the 

lipophilicity, absorption and stability of natural anticancer agents by forming a complex with 

phospholipids and plant-derived bioactive compounds. Phytochemistry coupled with nanotechnology 

guided by computational modeling will facilitate the prediction and optimization of drug-carrier 

interactions thereby guaranteeing improved consistency in therapeutic effects [18]. 

The other interesting development is the supersaturable self-microemulsifying drug delivery system 

(SMEDDS) where polymeric precipitation inhibitors are used to improve the solubility and 

bioavailability of poorly water-soluble compounds. With the addition of AI and Quality by Design 

(QbD) techniques, scientists have one way to systematically optimize SMEDDS formulations with 

the idea of reproducibility and scalability in drug manufacturing [19]. Moreover, organogels have 

also attracted attention as new oral and topical controlled-release the organogels have been developed 

to control the delivery of drugs such as nifedipine with excellent biocompatibility and stability. Their 

semi-solid characteristics give them distinct benefits in localized and sustained delivery, and in 

computer modeling their rheological and diffusion characteristics can be precisely manipulated to 

give a high degree of accuracy in therapy [20]. 
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The integration of AI and ML algorithms with nanocarrier design, critical formulation variables, 

including particle size, drug loading, release kinetics, and others, can be predicted, eliminating the 

need to undergo massive laboratory experimentation. Besides, drug distribution can be simulated, and 

patients can be predicted to respond, which is why the AI-driven systems match the objectives of 

personalized medicine [21]. Drug delivery systems that realize nanocarriers improved with the 

methods of computational techniques and AI are changing the future of contemporary therapeutics. 

Providing versatile, specific, and regulated drug delivery, cubosomes, phytosomes, SMEDDS, and 

organogels have a massive potential to treat such complex illnesses as cancer. The combination of 

health informatics, cybersecurity and quality assurance structures also make sure that these 

innovations are safely and successfully translated in the laboratory to the clinic [22]. 

COMPUTATIONAL STRATEGIES IN PHARMACEUTICAL DESIGN AND MEDICINE 

Computational methods now form a fundamental part of contemporary healthcare and pharma 

research, and such methods have been providing a balance between experimental research and data-

driven innovation. With the help of Artificial Intelligence (AI), machine learning (ML), and more 

sophisticated computational modeling, researchers and clinicians are able to design, optimize, and 

provide more successful treatments, use less time, less money, and less uncertainty in the experiment. 

Computational techniques may be applied in the design of drugs to model drug delivery and 

pharmacokinetic effects, optimize drug delivery systems based on nanocarriers, such as cubosomes, 

phytosomes, SMEDDS, and organogels [23]. 

Drug formulation and optimization is one of the important uses of computational methods. Molecular 

docking, quantitative structure-activity relationship (QSAR) and molecular dynamics simulations are 

tools that enable researchers to predict the interaction between drugs and biological targets at the 

molecular level. Indicatively, computational modeling has been applied to modify cubosome and 

phytosome formula to yield a better bioavailability and release of drugs as illustrated [24]. Through 

modeling of drug-carrier, scientists are able to anticipate the solubility, stability, and the rate of release 

without necessarily conducting extensive trail and error experimentation to find the answer hence 

enhancing efficiency and accuracy in drug development [25]. 
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Figure: 2 showing computational strategies in Pharmaceutical Design 

Quality by Design (QbD) is a methodical process that is focused on in pharmaceutical innovation and 

incorporates the use of computational tools to guarantee effective and reliable drug delivery systems. 

With AI-based modeling, key variables of formulation (particle size, viscosity, and drug loading) may 

be fine-tuned to attain the desired therapeutic outcome. Indicatively, the organogels designed and 

advanced. Through the use of QbD principles enabled by computational modeling provided 

uniformity of drug performance and quality of regulatory approval [26]. 

Computational methods in healthcare are not only based on the design of drugs but also can be used 

in clinical decision support, predictive analytics, and patient-specific modeling. Electronic health 

records, images, and genomic data can be analyzed by AI algorithms and provide insights into disease 

patterns, disease progression, and recommendations on the personalized approach to treatment. 

Machine learning models are also applicable in real-time monitoring of treatment responses to make 

dynamic changes in therapy so as to ensure optimal efficacy and minimal adverse effects [27]. 

In addition, computational healthcare systems are associated with cybersecurity and data integrity. 

With more and more patient information and drug design models becoming computerized, clear 

platforms of computation must be safeguarded to avoid unauthorized access, data breach and 

manipulation of sensitive information. To protect these online healthcare settings, AI-driven intrusion 

detection systems, encryption algorithms, and block chain technologies are being incorporated to 
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protect them [28]. 

Lastly, computational methods are used to promote quality assurance (QA) in pharmaceutical and 

health care settings. The drug delivery systems can be pre-validated with predictive modelling and 

simulation and ongoing monitoring and automated analysis ensure the compliance with the regulatory 

requirements and clinical safety measures. These approaches help to transform the complicated 

research into scaled, secure, and workable medical solutions. Computational methods in healthcare 

and drug design constitute a very important crossroad of technology biology and informatics [29]. 

These approaches, supported by intensive quality control and cybersecurity, are changing the 

principles of developing advanced nanocarrier drugs systems and providing intelligent, personalized, 

and safe healthcare solutions [30]. 

CYBERSECURITY IN HEALTHCARE INFORMATICS 

With the digitization of healthcare systems, cybersecurity has become a major issue of concern in the 

protection of patient data, medical equipment, and AI-based health systems. The convergence of 

electronic health records (EHRs), telemedicine, wearable sensors, and cloud-based computing has 

developed large networks of sensitive data, which are appealing targets of cyberattacks. Ensuring the 

confidentiality, integrity and availability of healthcare information is important not only to meet 

regulatory requirements, but also to ensure patient safety and confidence in contemporary healthcare 

systems [31]. 

Healthcare informatics is based on the gathering, storing, and analyzing of big data, which may 

involve personally identifiable data, genomic data, and treatment history. The decision-making 

process is optimized with the help of AI and machine learning algorithms that analyze those 

complicated datasets, but the effectiveness of these algorithms depends on whether the underlying 

data is secure or not [32]. Weaknesses in the network infrastructure, software and medical devices 

may put sensitive data at the risk of ransom ware attacks, data breach, and unauthorized manipulation. 

The possibility of inaccurate predictions or misdiagnosis of a compromised AI model with potentially 

serious clinical implications is possible [33]. 

To overcome these threats, well-developed cybersecurity models are being incorporated in the 

healthcare informatics systems. End-to-end encryption, multi-factor authentication, secure data 

transmission protocols, and block chain-based record-keeping techniques will allow keeping data safe 

at each point of its collection, processing, and storage. Machine learning can also be used in 

cybersecurity, and the algorithms can identify suspicious dynamics, recognize possible intrusions, 

and act upon the threats in real time [34]. There are also concerns in regard to the cybersecurity of 

drug delivery systems and nanocarrier-based therapies. With the emergence of only computational 
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models and AI-based design tools directing the design and optimization of formulations such as 

cubosomes, phytosomes, and organogels, it is essential to defend intellectual property and clinical 

trial data against cyber attackers. To make sure that these digital assets are secure not only the 

scientific innovation is being safeguarded but also the health outcomes of the patients [35]. 

Cybersecurity is also related to quality assurance (QA) as it guarantees the reliability and integrity of 

digital healthcare systems. Secure platforms mitigate the chances of data corruption or unauthorized 

manipulations, facilitate the stability in the execution of AI models, foreseeable analytics, and health 

informatics applications. Cybersecurity is becoming an important aspect of clinical QA regulated by 

regulatory standards, due to its critical nature in the contemporary healthcare provision. Cybersecurity 

is one of the primary constituents of modern healthcare informatics [36]. Through data protection, AI 

models security, and protection of the computing drug delivery system, effective cybersecurity 

measures will facilitate secure, trustworthy and reliable healthcare services, which will assist the 

greater objectives of AI integration, precision medicine, and quality assurance [37]. 

AI AND DRUG DELIVERY SYSTEMS QUALITY ASSURANCE. 

Quality Assurance (QA) is an essential part of health care as well as pharmaceutical systems that 

provide higher standards of safety, efficacy and reliability of both products, processes, and 

technologies. As the use of Artificial Intelligence (AI), machine learning (ML), and sophisticated 

nanocarrier-based drug delivery systems continues to rise, QA is no longer about the control of the 

process but a holistic approach to consider all the computational validation, clinical compliance, and 

monitoring. QA in the context of AI-driven healthcare is used to make sure that predictive models, 

decision-support systems and analytical tools are used in healthcare with accuracy, reproducibility 

and transparency [38]. Machine learning algorithms are trained using large data and they may be 

biased, have data quality problems or lack sufficient validation. Anomalies, error reduction, and 

confidence in automated healthcare solutions can be achieved by QA processes including strict cross-

validation, cross-vetting against clinical standards, and post-implementation monitoring. Particularly, 

this is of great importance when high-stakes decisions are made based on AI, including cancer 

diagnosis or individual treatment advice [39]. 

On the same note, QA plays a vital role in design and implementation of drug delivery systems based 

on nanocarriers like cubosomes, phytosomes, SMEDDS, and organogels. These systems are 

developed to maximize solubility, stability and targeted release of therapeutic agent as underscored 

in research works. QA parameters guarantee that the formulation parameters such as particle size, 

encapsulation efficiency, drug loading and release kinetics are always realized. Methods like failure 

mode testing through in vitro release, rheological testing, and stability testing is combined with 
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computational analysis and artificial intelligence forecasting to ensure that the test outcomes match 

the expectations of the design [40]. 

In addition, the QA also involves regulatory compliance and documentation. Pharmaceutical and 

healthcare products are to comply with the national and international standards such as Good 

Manufacturing Practices (GMP), ISO certifications, and regulations by the regulatory agencies. The 

combination of QA and AI and ML will guarantee that the digital models and the physical 

formulations are subjected to high levels of safety, efficacy, and reproducibility before a clinical trial 

[41]. QA also promotes cybersecurity and data integrity of the computing systems. Confirmed and 

tested platforms mitigate unauthorized access, data corruption, or manipulation of AI models and thus 

ensure the predictive analytics and healthcare informatics do not fail. Such a combination of QA and 

cybersecurity is essential in ensuring patient safety and trust in AI-based solutions to healthcare [42]. 

Conclusively, Quality Assurance in AI and drug delivery systems offers an orderly way of ensuring 

safety, performance, and adherence. Through experimental validation, computational validation, 

regulatory compliance, and cybersecurity measures, QA will provide assurance that innovative 

healthcare solutions, both nanocarrier formulations and AI-based predictive models, will provide 

effective, reliable and safe patient outcomes [43]. 

CHALLENGES AND FUTURE PERSPECTIVES 

Artificial Intelligence (AI), machine learning (ML), drug delivery systems based on nanocarriers, and 

health informatics are changing the contemporary healthcare. Yet, there are a number of issues that 

should be overcome in order to exploit the potential of these technologies completely. Complexity of 

healthcare data is one of the main challenges. Patient data can be highly heterogeneous, spread across 

a variety of platforms and may consist of unstructured clinical notes, imaging data, genomic 

sequences and real-time monitoring results. To produce high-quality, interoperable data to support AI 

and ML models, it is vital to ensure high quality and interoperability of data to derive accurate, 

reliable, and clinically relevant insights. The second potential obstacle is regulatory and ethical factors 

[44]. AI-empowered decision support systems and sophisticated drug delivery platforms should meet 

high requirements that guarantee the safety of patients, their effectiveness, and transparency. The 

regulations on the emerging technologies, such as nanocarrier based formulations and predictive 

analytics, are still developing. Through ethical considerations, including algorithmic bias, data 

privacy, and informed consent, the problem has to be addressed in a systematic manner to ensure the 

population remains trustful [45]. 

The threat to cybersecurity is also highly topical because, with the digitization of healthcare, data 

breach, ransom ware attack, and manipulation of AI models can be seen as openings. It is necessary 
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to encrypt sensitive patient information and proprietary research data using robust encryption and 

secure cloud environments and AI-based threat analysis solutions. At the same time, quality assurance 

(QA) should also adapt to check the physical drug delivery systems, as well as computational models, 

and make sure that the results of the experiment, predictions provided by the AI, and clinical practices 

are always safe. Nevertheless, the future of the integrated AI, the nanotechnology, and the world of 

computational healthcare remains bright [46]. It is projected that these innovations in the predictive 

modeling and individual medicine, such as smart systems of drug delivery will transform the 

treatment plans, patient outcomes, and health care expenses. AI and ML can be further used to 

optimize nanocarrier systems such as cubosomes, phytosomes, SMEDDS, and organogels to give 

desired, controlled, and effective release of drugs [47]. 

The continuing pollution of the environment with heavy metals, polycyclic aromatic hydrocarbons, 

and endocrine-disrupting chemicals are becoming a major contributor to cancer risk. Cohort 

community studies have also shown that there are strong relationships between the long-term 

exposure of such pollutants and high rates of several types of cancer including breast, lung and liver 

cancers. The combination of AI and machine learning with health informatics can complement the 

analysis of big epidemiological data and allow finding the patterns of pollutants exposure, the at-risk 

groups, and the possible preventive measures. These methods offer a factual model of connecting the 

environmental risk factors and disease outcomes [48]. 

In addition, further advancement of health informatics, cybersecurity, and QA systems will make sure 

that digital healthcare systems are safe, approved, and patient-oriented. The combination of 

computing technology with experimental studies is the plunge towards a future of predictive, 

personalized, and precise healthcare. The combination of multidisciplinary efforts, such as computer 

science, pharmacology, biotechnology, and clinical medicine, will be central to eliminating the 

current shortcomings and speeding up the process of implementing these technologies in practice and 

in clinical settings [49]. Although data quality, regulatory, and cybersecurity issues and QA concerns 

are a reality, the opportunities of integrating AI, ML, nanocarrier drug delivery, and health informatics 

are unprecedented. The future of healthcare is bound to be intelligent, safe and highly personal with 

future research, innovation and cross-disciplinary collaboration [50]. 

CONCLUSION 

The emergence of Artificial Intelligence (AI), machine learning (ML), health informatics, and 

nanocarrier-based drug delivery systems is initiating a paradigm shift in the contemporary healthcare. 

This interdisciplinary approach makes it possible to deliver predictive, individualized, and effective 

care to patients, which is in contrast to the old, reactive models of treatment. AI and ML offer potent 
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analytical tools with the ability to analyze huge and complicated data to identify actionable 

information, enhance the accuracy of diagnostics, and optimize treatment options. Health informatics 

is the foundation of this ecosystem, which enables the safe gathering, storage, and analysis of patient 

information as well as real-time decision-making. 

Examples Nanocarrier-based drug delivery systems, such as cubosomes, phytosomes, supersaturable 

self-microemulsifying drug delivery systems (SMEDDS), and organogels, can be considered tangible 

examples of the advantages of the combination of computational modeling with pharmaceutical 

development. These systems can improve drug solubility, bioavailability, and target delivery to 

present substantial increases in efficacy and safety to treatments like cancer treatment. The use of AI 

and computational methods also enables scientists to model formulation behavior, optimize release 

kinetics, and personalize treatment to patient profiles and eliminates the need to rely on experiment-

based labor-heavy testing. 

Simultaneously, in the same direction, cybersecurity and quality assurance (QA) also form part of the 

trust, safety, and regulatory standards operating within AI-supported healthcare systems. Sensitive 

patient information and model reliability are also critical to the safe use of advanced healthcare 

technologies. QA systems are used to certify not only computational models, but also experimental 

drug delivery systems, making sure that innovations are always up to clinical standards. The 

combination of all these factors protects patient result and builds trust in new technologies. 

Moving to the future, AI, ML, nanotechnology, and informatics methods can be integrated to create 

unmatched possibilities to improve healthcare delivery. The further development of predictive 

analytics, personalized therapeutics, and safe data management will enhance the outcomes of patients, 

minimize costs, and simplify clinical workflow. The obstacles are still there, such as heterogeneity of 

the data, regulatory issues, and ethical issues, and multidisciplinary collaboration and active research 

can overcome these barriers. 

Intersection of technology, biology and informatics is the future of the healthcare. The healthcare 

ecosystem transforms into an even smarter, more personal, safer, and efficient paradigm as it 

incorporates AI, machine learning, computational solutions, nanocarrier-based drug delivery, 

cybersecurity, and quality assurance. Such combined innovations can transform the way patients are 

treated bringing an age of precision medicine that is clinical in its effectiveness and technological in 

its strength. 
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