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it’s far more important to know what person the disease has than what disease the 
person has. 

                                            _Hippocrates 

 

                                Introduction: 
        In recent years, personalized or individualized medicine (PM) has become a buzzword 
in the academic and public healthcare debate. Promising to make health care more 
effective and efficient through tailored medical interventions has become a core area 
of public research funding and pharmaceutical research investment. PM is not a new 
concept in medicine since it has always been individualized, it can be identified as 
holistic health care centered around the needs of individual patients and as a 
treatment targeted at stratified subgroups such as pharmacogenetics. However, the 
term Personalized Medicine has a vague definition. 
     The history of personalized medicine is not so much about the development of 
the concept of ‘personalization’_first introduced by Hippocrates, around 2400 years 
ago, but about the evolution and increasing precision of diagnosis and treatment. 
With each step of medical progress, the knowledge and tools used to describe and 
diagnose disease have shifted from the metaphysical to the physical, from the 
cellular to the molecular events and higher-level phenomena, such as cognition and 
behavior. 
      the goal of personalization in medicine has never wavered, but each era has had 
its own increasingly advanced tools for tailoring treatment to the individual. In ancient 
times, it was the four humors (sanguis, phlegm, choler, and melancholia). Today is 
the four chemical building blocks of DNA, we have moved from ascribing mental 
disorders to supernatural causes, to understanding them through brain imaging and 
the actions of neurotransmitters. We trace the history of personalized medicine from 
ancient times to the present.  
 

Application of AI in personalized medicine: 
      Personalized medicine is revolutionizing the healthcare industry. furthermore, the 
integration of artificial intelligence (AI) is fueling this transformation, its technologies 
have significantly advanced the ability to analyze vast amounts of complex data, 
leading to improved diagnosis and treatment outcomes. In this research paper, we 
will explore the pivotal role that AI plays in revolutionizing personalized medicine, its 
impact on disease detection, and its impact on genomic analysis, drug development, 
and treatment personalization.  
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        Genomic analysis: 

        the complexity of orphan diseases, which are those that do not have an 
effective treatment, together with the high dimensionality of the genetic pathways 
that are involved in their development, motivate the use of advanced techniques of 
artificial intelligence and in-depth knowledge of molecular biology, which is crucial to 
find plausible solutions. The involvement of Artificial Intelligence in the biomedical 
sector has benefited many medical professionals and their patients, this change was 
provoked by the fact that looking for solutions to complex diseases relies more on 
disciplines such as molecular biology, biochemistry, applied mathematics, and 
computer science. A clearer example is looking for solutions in cancer, 
neurodegenerative, and rare diseases, among a vast range of pathologies that 
currently have no solution. 
         However, AI should be deemed an additional tool to aid in medical care, not to 
replace medical doctors. Later research trends intended to use AI techniques to 
generate more accurate methods of diagnosis based on the compilation of 
standardized hospital data to improve the detection of diseases such as cancer and 
cardiovascular diseases. 

       Drug development: 
       Artificial Intelligence has been identified as a transformational influence on drug 
development. According to a recent report, big data and machine learning could 
profoundly affect the healthcare system and potentially result in a market that 
generates 100 billion dollars in annual sales Use of AI has been most prevalent 
within drug discovery, and many companies have established in-house initiatives or 
partnerships with AI companies. Some companies are now using AI approaches for 
repurposing drugs and finding new uses for existing drugs or late-stage drug 
candidates. Another use is through AI platforms for phenotypic drug discovery 
“where compounds are screened in cells or animal models for compounds able to 
cause a desirable change, without any knowledge of the biological target. 
      The task of finding successful new drugs is daunting and predominantly the most 
difficult part of drug development. This is caused by the vast size of chemical space, 
which is estimated to be in the order of 1060 molecules . The technologies that 
incorporate AI have become versatile tools that can be applied ubiquitously in 
various stages of drug development, such as identification and validation of drug 
targets, designing new drugs, drug repurposing, and improving R&D. 
      Currently, there are no developed drugs that have utilized AI approaches but, 
based on the advances described in this review, it is likely that it will take a further 
2–3 years for a drug to be developed. Interestingly, experts strongly believe that AI 
will permanently change the pharmaceutical industry and the way drugs are 
discovered. However, for an individual to be efficient in drug development using AI, 
the individual should know how to train algorithms, requiring domain expertise. 
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       Treatment personalization: 

    Accurate and timely diagnosis is the cornerstone of effective treatment. AI is 
revolutionizing disease detection and diagnosis by increasing the capabilities of 
healthcare professionals and reducing diagnostic errors. Through AI algorithms, 
doctors can analyze patient data, detect subtle patterns, and identify early signs of 
diseases. For instance, AI can analyze medical images, such as X-rays and MRIs, to 
identify abnormalities that may go unnoticed by the human eye. Furthermore, 
AI-powered diagnostic tools can provide real-time analysis and recommendations 
during surgeries, optimizing surgical outcomes's ability to process and analyze large 
datasets allowing for the development of predictive models, enabling healthcare 
providers to identify high-risk individuals and implement preventive measures to 
mitigate disease progression. The integration of AI in personalized medicine has 
already shown immense promise, but its potential still needs to be fully realized. AI 
will continue to play a pivotal role in transforming healthcare across various domains. 
As more data becomes available, AI algorithms will become increasingly accurate, 
leading to personalized treatment plans that optimize patient outcomes. With AI 
technologies at its core, precision medicine will continue to expand its reach, 
enabling tailored therapies for a wide range of conditions. Furthermore, integrating AI 
with wearable devices and remote patient monitoring will facilitate real-time data 
collection, enabling healthcare providers to monitor patients outside traditional 
clinical settings. 

Case studies and examples: 

Successful implementations: 
  Several algorithms from Machine Learning and Artificial Intelligence are used in the 
Medical Field and specific Personalized Medicine. Some of these algorithms are 
discussed here: 

1.​ Naive Bayesian:  
  Naïve Bayesian (NB) algorithm named after Thomas Bayes (1702- 1761) who 
proposed the algorithm is based on a probabilistic model and allows the capture of 
uncertainty in a model in a principled way through determining the probabilities of 
different outcomes. NB is widely used today in different systems that range from 
spam filtering to recommender systems, and text classification. It is also used in 
medical applications and weather forecasts. This makes it a good algorithm for 
classification and prediction as well. Some of the advantages of NB are; that it is 
robust for noise in input data and requires a small amount of training data. Some of 
the disadvantages of NB as mentioned by are; loss of accuracy as a result of class 
conditional independence caused by assumption. Some disadvantages of Naïve 
Bayes include; that where a predictor is not available from the training data, NB 
assumes that the record with the new predictor category has zero probability. 

2.​ Artificial Neural Network: 
  The application of ANNs in medicine includes, but is not limited to the diagnosis, 
imaging, back pain, dementia, pathology, and prognosis evaluation of appendicitis, 
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myocardial infarction, acute pulmonary embolism arrhythmias, or psychiatric 
disorders diseases, as stated by. Some of the advantages of ANN as stated are that 
neural networks can learn linear and nonlinear models. Also, the accuracy of models 
created by neural networks can be measured statistically. Incomplete data and noise 
are tolerable by neural networks. Neural network models are flexible because they 
can be updated, hence making them suitable for dynamic environments such as the 
health sector. ANNs are black box algorithms, hence weak in providing insight into 
their structure. Also, although it can generalize from a set of examples, if it sees only 
cases of a certain range; its predictions outside these ranges could be completely 
invalid [6].  

3.​ Support Vector Machines (SVM): 
  SVM has advantages, and as mentioned by[9] they are: SVM produces accurate 
result classification results on a theoretical basis, even when input data are 
non-linearly separable. Also, the accuracy result does not rely on the quality of 
human expertise judgment for the choice of the linearization function for nonlinear 
input data. A disadvantage of SVM as a non-parametric technique mentioned is its 
lack of transparency for results. The biggest limitation as mentioned lies in the choice 
of the kernel. It has to be set correctly to achieve an accurate result for any given 
task or problem. Kernel choice that produces accurate results for task „A‟ may 
produce poor results for task „B‟. 

Clinical trials and outcomes: 
    Drug research and development is a costly and time-consuming process. As early 
as 2012, a plummeting trend in drug development productivity was recognized in the 
seminal paper by Scannell et al. The phenomenon—termed “Eroom's Law”—was 
about Moore's Law that shows an exponential growth of computational power over 
time; in the case of clinical development, unfortunately, expenses per drug approval 
grow exponentially. An exponential leads to difficulties in upholding a satisfactory 
return on investment in the pharmaceutical industry. Accurate prediction of clinical 
trial outcomes may help optimize the pipelines of pharmaceutical companies by 
reducing the costs associated with failures as well as guide the decisions of hedge 
funds and investment banks' representatives considering the management of 
investment portfolios. The ability to predict the outcomes of clinical trials early may 
help improve the effectiveness of pharmaceutical research and development (R&D), 
build efficient financing vehicles, and develop novel financial instruments to finance 
biotechnology research Because deep learning systems started outperforming 
humans in multiple tasks, like image recognition, these techniques have been rapidly 
propagating into biomedicine. One of the most common applications of deep learning 
is in drug discovery and repurposing. Whereas machine learning (ML) and artificial 
intelligence (AI) are widely used in clinical trial operations by pharmaceutical 
companies, there have been no validated reports on the implementation of ML/AI 
predicted the probability of technical and regulatory success systems within pharma 
R&D processes. 
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Challenges and limitations: 

1.​ Data privacy and security: 
    The first set of concerns includes access, use, and control of patient data in 
private hands. Some recent public-private partnerships for implementing AI have 
resulted in poor protection of privacy. As such, there have been calls for greater 
systemic oversight of big data health research. Appropriate safeguards must be in 
place to maintain privacy and patient agency. Competing goals can impact private 
custodians of data and should be structurally encouraged to ensure data protection 
and deter alternative use thereof.  
    Another set of concerns relates to the external risk of privacy breaches through 
AI-driven methods. The ability to deidentify or anonymize patient health data may be 
compromised or nullified in light of new algorithms that have successfully reidentified 
such data. This could increase the risk to patient data under private custodianship. 

2.​ Data quality and standardization: 
    Data management and governance play pivotal roles in the realm of AI-based 
healthcare, ensuring the integrity, security, and ethical use of vast troves of sensitive 
information. At the core of this discipline lies the meticulous orchestration of data 
acquisition,  storage,  processing,  and dissemination, guided by a framework of 
regulations, standards, and best practices. Within the context of healthcare AI, where 
algorithms depend heavily on robust datasets for training and validation,  effective 
data management strategies are indispensable Institutions must establish 
comprehensive protocols for data collection,  ensuring that information is obtained 
ethically, with patient consent, and adherence to privacy regulations such as HIPAA 
in the United States or GDPR in the European Union.  
   Furthermore, data governance frameworks serve as the backbone of responsible 
AI implementation in healthcare, encompassing policies, procedures, and controls to 
govern data usage across the entire lifecycle. This involves delineating roles and 
responsibilities for data stewards, custodians, and users, as well as establishing 
mechanisms for data quality assurance, lineage tracking, and auditability.  By 
enforcing strict access controls and encryption protocols,  organizations can 
safeguard sensitive patient data from unauthorized access or malicious exploitation, 
mitigating risks of data breaches and ensuring compliance with regulatory 
requirements. 
. 

Future Directions 

Advancements in AI technology: 
    We live in an age of big data, and AI and ML can analyze vast amounts of data in 
real time to improve efficiency and accuracy in data-driven decision-making 
processes. 
ML models, through their learning capabilities, continuously improve their predictions 
and decisions as they process more data, so systems can adapt to changing 

https://online-engineering.case.edu/blog/trends-in-systems-and-control-engineering
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environments and operational conditions dynamically. This rapid adaptation 
improves the capabilities of existing systems and allows for the development of 
innovative solutions, such as autonomous vehicles and smart grids, that were once 
considered impractical. 
Artificial intelligence and machine learning faced distinguishable advancement, 
including the recent development of advanced algorithms. 
Deep learning and neural networks: 
    Deep learning is a subset of machine learning that uses neural networks with 
many layers to analyze various forms of data. These advanced algorithms uncover 
patterns that traditional algorithms might miss and excel at processing and making 
sense of enormous datasets. Deep learning is behind advancements in image 
recognition and natural language processing (NLP).  

   Two advancements in deep learning include convolutional neural networks (CNNs) 
and recurrent neural networks (RNNs). CNNs can easily parse visual information, so 
they’re widely used in image recognition systems. They simulate the way the human 
brain processes information by breaking down images into components and 
analyzing them layer by layer to identify patterns and features.  
Advancement learning and autonomous systems: 
    Reinforcement learning (RL) allows machines or software—often referred to as 
"agents"—to learn to make decisions by trial and error. This process involves an 
agent interacting with its environment, performing actions, and receiving feedback in 
the form of rewards or penalties. Over time, the agent learns to optimize its actions 
to maximize cumulative rewards, essentially learning from its experiences much as 
human beings do.  

    Autonomous systems, particularly self-driving cars, and robotics, are real-world 
applications of reinforcement learning. In self-driving cars, RL algorithms process 
multiple inputs of sensory data to make real-time decisions during navigation. In 
robotics, these algorithms allow autonomous robots to adapt to new tasks through 
interaction, learning how to manipulate objects or navigate environments 
independently. 
Natural language processing advancements:  
   As discussed above, NLP is driven by RNNs. NLP has changed how 
machines understand and interact with human language. These 
innovations are behind the development of conversational AI and chatbots 
that make interactions with digital systems more intuitive and human-like. 
Sophisticated NLP models let programs comprehend, generate, and 
engage in conversations with users, providing assistance, gathering 
information, and facilitating transactions.  

   NLP is breaking down language barriers across the globe. Modern 
translation models use deep learning to provide translations that are 
accurate and capture the nuances and context of the original text. 
Sentiment analysis, another common use of NLP, allows machines to 
interpret and categorize opinions from text data. This can help 

https://online-engineering.case.edu/blog/trends-in-systems-and-control-engineering
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organizations in the business world gain valuable insights into consumer 
attitudes and feelings. 

Conclusion: 

   The use of intelligence (AI), in medicine is a major breakthrough in healthcare 
offering the potential to transform how diseases are diagnosed treated, and 
managed. By harnessing AI's capabilities to analyze intricate datasets encompassing 
proteomic, clinical, and lifestyle information tailored treatment plans can be 
developed that are more personalized and have fewer side effects. 

   Exploring the ways AI is applied in medicine reveals key areas where it is making 
significant contributions. In analysis, AI algorithms aid in identifying mutations and 
predicting disease risks enabling early interventions and preventive measures. In 
drug development, AI speeds up the discovery and optimization of medications 
cutting down on time and costs associated with bringing therapies to market. 
Additionally, personalized treatment plans driven by AI take into account each 
patient's clinical characteristics enhancing treatment outcomes and patient 
satisfaction. Nevertheless integrating AI into medicine comes with its challenges. 
Concerns, around data privacy and security the quality and standardization of data 
well as algorithmic bias need to be addressed to ensure that AI applications are safe, 
fair, and ethically sound. In the evolving realm of AI advancements policymakers, 
healthcare professionals, and tech experts need to work together structures that 
foster creativity while protecting the rights of patients. 

   Looking ahead, the future of personalized medicine and AI integration is bright, 
with ongoing advancements in AI technology poised to further enhance our ability to 
provide precision healthcare. Emerging technologies such as CRISPR, 
nanotechnology, and telemedicine, when combined with AI, hold the potential to 
create even more sophisticated and effective medical solutions. Additionally, 
regulatory policies will play a pivotal role in shaping the landscape of AI in 
personalized medicine, ensuring that these technologies are developed and 
implemented responsibly. 

   In conclusion, AI-driven personalized medicine is a transformative approach that 
holds immense promise for improving healthcare outcomes. By continuing to 
advance AI technologies and addressing the associated challenges, we can pave 
the way for a future where healthcare is truly personalized, precise, and 
patient-centered. 
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