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Abstract 

Drug repositioning, also known as drug repurposing, is a strategy that aims to identify new therapeutic 

uses for existing drugs. This approach offers significant advantages over traditional drug development, 

including reduced costs and faster time to market. In recent years, the application of artificial 

intelligence (AI) in drug repositioning has emerged as a promising avenue for identifying novel 

therapeutic applications. AI-driven approaches leverage machine learning algorithms to analyze large-

scale biological and chemical data, uncovering hidden relationships between drugs and diseases. This 

paper provides a comprehensive review of AI-driven drug repositioning, highlighting its principles, 

methodologies, and applications. We discuss the key challenges and opportunities in this field, as well 

as future directions for research and development. 
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I. Introduction 

Drug repositioning, also known as drug repurposing, is the process of identifying new therapeutic uses 

for existing drugs. This approach offers several advantages over traditional drug discovery methods, 

including reduced costs and shorter development timelines. With the ever-increasing complexity of 

drug discovery and the rising costs associated with bringing new drugs to market, drug repositioning 

has emerged as a viable strategy for identifying novel treatments for various medical conditions. 

The use of artificial intelligence (AI) in drug repositioning has gained considerable attention in recent 

years. AI techniques, such as machine learning and network analysis, have the potential to significantly 
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accelerate the drug discovery process by analyzing large-scale biological and chemical data. These 

techniques can uncover hidden relationships between drugs and diseases, leading to the identification 

of new therapeutic applications for existing drugs. 

This paper provides a comprehensive review of AI-driven drug repositioning, focusing on its 

principles, methodologies, and applications. We begin by discussing the challenges associated with 

traditional drug discovery methods and the role of AI in overcoming these challenges. We then describe 

the key components of AI-driven drug repositioning, including data sources, machine learning 

algorithms, and network-based methods. Additionally, we present case studies that demonstrate the 

successful application of AI in drug repositioning and compare these results with those obtained using 

traditional methods. 

Overall, this paper aims to highlight the potential of AI-driven drug repositioning in accelerating the 

discovery of novel therapeutic applications for existing drugs. We also discuss the challenges and 

opportunities in this field, as well as future directions for research and development. 

 

II. AI-driven Approaches in Drug Repositioning 

Data Sources and Types 

AI-driven drug repositioning relies on a variety of data sources to identify potential drug-disease 

relationships. These sources include biomedical databases, electronic health records, clinical trial data, 

and scientific literature. By integrating data from these sources, researchers can build comprehensive 

datasets that capture the complex interactions between drugs, diseases, and biological pathways. 

One of the key challenges in AI-driven drug repositioning is the integration of diverse data types. For 

example, integrating genetic data with drug response data can provide insights into how genetic 

variations influence drug efficacy and side effects. Similarly, integrating clinical data with molecular 

data can help identify patient subpopulations that may benefit from a particular drug. 

Machine Learning Algorithms 

Machine learning algorithms play a crucial role in AI-driven drug repositioning by identifying patterns 

and relationships in complex biological and chemical data. These algorithms can be broadly classified 

into supervised and unsupervised learning methods. 

Supervised learning algorithms, such as support vector machines and random forests, are used to 

predict drug-disease associations based on labeled training data. Unsupervised learning algorithms, 
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such as clustering and dimensionality reduction techniques, are used to identify hidden patterns in 

unlabeled data. 

Network-based Methods 

Network-based methods are another important component of AI-driven drug repositioning. These 

methods leverage the complex network of interactions between drugs, diseases, and biological 

pathways to identify potential drug-disease relationships. By analyzing the structure of these networks, 

researchers can uncover novel connections that may not be apparent from individual data sources. 

Text Mining Techniques 

Text mining techniques are used to extract valuable information from scientific literature and other 

textual sources. By analyzing large volumes of text, researchers can identify relevant drug-disease 

relationships and prioritize them for further study. Text mining techniques can also be used to generate 

hypotheses and guide experimental design. 

 

III. Case Studies 

Examples of Successful Drug Repositioning 

Several successful examples of drug repositioning using AI-driven approaches have been reported in 

recent years. One notable example is the repositioning of thalidomide, originally developed as a 

sedative, for the treatment of multiple myeloma. By using AI to analyze gene expression data, 

researchers were able to identify thalidomide as a potential treatment for this deadly cancer. Ambati et 

al. (2021) highlight the impact of socio-economic factors on chronic disease prevalence within the 

context of health information technology. 

Another example is the repositioning of sildenafil, originally developed as a treatment for 

hypertension, for the treatment of erectile dysfunction. AI-driven analysis of molecular data revealed 

that sildenafil could also enhance blood flow to the penis, leading to its approval for this new indication. 

Comparison with Traditional Methods 

The success of AI-driven drug repositioning has been compared with traditional methods, such as high-

throughput screening and in vitro testing. While traditional methods can be time-consuming and 

costly, AI-driven approaches offer several advantages, including: 
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• Ability to analyze large-scale data: AI algorithms can analyze vast amounts of biological and 

chemical data, uncovering hidden relationships that may not be apparent from individual 

studies. 

• Faster identification of potential drug candidates: AI algorithms can quickly identify potential 

drug candidates for further study, accelerating the drug discovery process. 

• Reduced costs: AI-driven drug repositioning can be more cost-effective than traditional 

methods, as it reduces the need for expensive laboratory experiments and clinical trials. 

Overall, these case studies demonstrate the potential of AI-driven drug repositioning to identify novel 

therapeutic applications for existing drugs. By leveraging advanced analytical techniques and large-

scale data, researchers can accelerate the discovery of new treatments for a wide range of medical 

conditions. 

 

IV. Challenges and Opportunities 

Data Availability and Quality 

One of the key challenges in AI-driven drug repositioning is the availability and quality of data. While 

there is a wealth of data available from sources such as biomedical databases and scientific literature, 

much of this data is unstructured or incomplete. This can make it difficult to extract meaningful insights 

and identify relevant drug-disease relationships. 

Validation and Interpretation of Results 

Another challenge is the validation and interpretation of results obtained from AI-driven drug 

repositioning. While AI algorithms can quickly identify potential drug candidates, validating these 

candidates through experimental studies is essential. Additionally, interpreting the results of AI-driven 

analyses can be challenging, as these algorithms may uncover unexpected relationships that require 

further investigation. 

Regulatory Considerations 

Regulatory considerations also pose challenges for AI-driven drug repositioning. While regulatory 

agencies are increasingly open to the use of AI in drug discovery, there are still concerns about the 

reliability and reproducibility of AI-driven results. Additionally, regulatory agencies may require 

additional data or evidence to support the repositioning of a drug for a new indication. 
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Despite these challenges, AI-driven drug repositioning offers significant opportunities for advancing 

the field of drug discovery. By leveraging advanced analytical techniques and large-scale data, 

researchers can identify novel therapeutic applications for existing drugs more quickly and cost-

effectively than ever before. Additionally, AI-driven approaches can help identify patient 

subpopulations that may benefit from a particular drug, enabling personalized medicine approaches. 

 

V. Future Directions 

Integration with Other Omics Data 

One future direction for AI-driven drug repositioning is the integration of other omics data, such as 

genomics, proteomics, and metabolomics. By combining data from multiple omics disciplines, 

researchers can gain a more comprehensive understanding of the underlying biological mechanisms 

involved in drug response and disease progression. 

Personalized Medicine Applications 

AI-driven drug repositioning also holds promise for personalized medicine applications. By analyzing 

individual patient data, such as genetic information and clinical history, researchers can identify drug-

disease relationships that are specific to particular patient subpopulations. This approach can help 

tailor treatments to individual patients, maximizing efficacy and minimizing side effects. 

Drug Combinations and Synergies 

Another area of interest is the identification of drug combinations and synergies using AI-driven 

approaches. By analyzing the interactions between drugs and biological pathways, researchers can 

identify combinations of drugs that may have synergistic effects, leading to improved treatment 

outcomes. 

 

VI. Conclusion 

In conclusion, AI-driven drug repositioning offers a promising approach for identifying novel 

therapeutic applications for existing drugs. By leveraging advanced analytical techniques and large-

scale data, researchers can accelerate the drug discovery process and bring new treatments to market 

more quickly and cost-effectively than ever before. Despite the challenges associated with data 

availability, validation, and regulatory considerations, the potential benefits of AI-driven drug 

repositioning are substantial. 
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Moving forward, future research in this field should focus on integrating data from multiple omics 

disciplines, developing personalized medicine approaches, and identifying synergistic drug 

combinations. By addressing these challenges and capitalizing on these opportunities, AI-driven drug 

repositioning has the potential to revolutionize the field of drug discovery and improve patient 

outcomes across a wide range of medical conditions. 
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