
EasyChair Preprint
№ 11959

Unlocking Therapeutic Potential: AI-Powered
Drug Repurposing Strategies for Rapid Pandemic
Response

Asad Ali and Yukiya Warmth

EasyChair preprints are intended for rapid
dissemination of research results and are
integrated with the rest of EasyChair.

February 5, 2024



Unlocking Therapeutic Potential: AI-Powered Drug Repurposing Strategies 

for Rapid Pandemic Response 

Asad Ali, Yukiya Warmth 

Abstract:  

In the face of unprecedented global health crises, the utilization of artificial intelligence (AI) 

emerges as a potent tool for expediting drug repurposing, offering accelerated solutions in 

pandemic response. This paper delves into innovative AI-driven strategies to identify and 

repurpose existing drugs for therapeutic purposes, outlining their potential impact on enhancing 

treatment timelines and mitigating the challenges posed by rapidly evolving infectious diseases. 

The emergence of novel infectious diseases, such as the COVID-19 pandemic, has highlighted the 

need for innovative approaches to drug discovery and development. Artificial intelligence (AI) has 

emerged as a powerful tool in this endeavor, offering the potential to accelerate drug repurposing 

processes and expedite the identification of potential treatments for pandemics. This paper 

explores the application of AI in drug repurposing during pandemic responses, delving into its 

methodologies, challenges, and ethical considerations. Additionally, it assesses the role of AI in 

current and future pandemic preparedness efforts, emphasizing the importance of collaboration 

between researchers, healthcare institutions, and pharmaceutical companies. Through a 

comprehensive review of the literature and case studies, this paper aims to provide a holistic 

understanding of AI's impact on drug repurposing in the context of pandemic response. 

Keywords: Artificial Intelligence, Drug Repurposing, Pandemic Response, Therapeutic 

Strategies, Accelerated Solutions. 

1. Introduction 

Pandemics necessitate swift and adaptive responses to counteract emerging health threats. 

Traditional drug development timelines are often incompatible with the urgent demands of these 

crises. This paper explores the integration of AI methodologies in drug repurposing, aiming to 

repurpose existing pharmaceuticals for novel therapeutic applications. By leveraging AI's 

analytical prowess and pattern recognition capabilities, we delve into how this approach can 



revolutionize the speed and efficiency of identifying viable treatments during pandemics, 

ultimately contributing to a more agile and effective public health response. 

1.1 Background 

Pandemics have been recurring events in human history, each with the potential to inflict 

widespread devastation. The COVID-19 pandemic, caused by the novel coronavirus SARS-CoV-

2, has demonstrated the urgency of developing effective treatments and vaccines to combat 

infectious diseases. Traditional drug discovery methods often involve protracted timelines, but AI 

offers a new paradigm to address these challenges swiftly and efficiently. 

1.2 Motivation 

The motivation behind this paper lies in the pressing need to explore innovative solutions for drug 

discovery during pandemics. AI has already made significant strides in drug repurposing, and its 

potential to revolutionize pandemic responses warrants a comprehensive examination. 

1.3 Objectives 

The primary objectives of this paper are as follows: 

• To elucidate the principles and methodologies of drug repurposing. 

• To delve into the application of AI in drug discovery and repurposing. 

• To assess the impact of AI-driven drug repurposing during the COVID-19 pandemic 

through case studies. 

• To explore the challenges and ethical considerations associated with AI in this context. 

• To provide recommendations for maximizing the benefits of AI in future pandemic 

responses. 

1.4 Structure of the Paper 

This paper is structured as follows: 



• Section 2 provides an in-depth overview of drug repurposing, comparing it to traditional 

drug discovery methods and highlighting its advantages and challenges. 

• Section 3 introduces the essential concepts and techniques of AI in drug discovery, paving 

the way for a discussion on AI's application in drug repurposing. 

• Section 4 focuses on the pivotal role of drug repurposing in pandemic response and 

examines AI's contributions to this critical endeavor. 

• Section 5 delves into the methodologies and techniques used in AI-driven drug 

repurposing. 

• Section 6 examines the challenges and limitations associated with AI in this domain and 

discusses potential solutions. 

• Section 7 presents case studies and success stories, showcasing the practical impact of AI 

in identifying potential treatments during pandemics. 

• Section 8 explores the ethical and regulatory considerations surrounding AI-driven drug 

repurposing. 

• Section 9 outlines future directions and recommendations for integrating AI into pandemic 

preparedness and response. 

• Section 10 summarizes the key findings of the paper and underscores its implications for 

pandemic response. 

• Section 11 contains a comprehensive list of references. 

• Section 12, if applicable, includes appendices such as a glossary of terms, additional figures 

and tables, and details about data sources and datasets. 

2. Drug Repurposing: An Overview 

2.1 Traditional Drug Discovery vs. Drug Repurposing 

Traditional drug discovery processes involve the identification of entirely new compounds with 

therapeutic potential. This often requires extensive preclinical and clinical trials, leading to long 



development timelines and high costs. In contrast, drug repurposing seeks to find new uses for 

existing drugs, capitalizing on their established safety profiles and known mechanisms of action. 

2.2 Advantages of Drug Repurposing 

This subsection explores the benefits of drug repurposing, including reduced development time, 

cost-effectiveness, and a higher likelihood of success in clinical trials compared to de novo drug 

discovery. 

2.3 Challenges in Drug Repurposing 

While drug repurposing offers promise, it is not without challenges. This section discusses 

obstacles such as identifying appropriate candidates, understanding new disease mechanisms, and 

navigating regulatory pathways. 

3. Artificial Intelligence in Drug Discovery 

3.1 Machine Learning and Deep Learning 

An overview of machine learning and deep learning in the context of drug discovery, emphasizing 

their roles in predicting drug-protein interactions, virtual screening, and target identification. 

3.2 Natural Language Processing (NLP) 

The application of NLP in mining scientific literature and biomedical databases to extract valuable 

insights for drug repurposing. 

3.3 Data Sources for AI in Drug Repurposing 

Discussion of the diverse data sources utilized in AI-driven drug repurposing, including genomics, 

proteomics, clinical data, and chemical databases. 

3.4 AI Tools and Techniques in Drug Repurposing 

A comprehensive review of AI tools and techniques, encompassing molecular docking, network-

based approaches, machine learning models, deep learning architectures, and the integration of 

multi-omics data. 



4. Drug Repurposing in Pandemic Response 

4.1 The Role of Drug Repurposing in Pandemic Mitigation 

An exploration of why drug repurposing is crucial during pandemics, emphasizing its potential to 

provide rapid treatment options when time is of the essence. 

4.2 AI as an Enabler of Rapid Drug Repurposing 

Illustrating how AI accelerates drug repurposing by analyzing massive datasets, predicting drug-

disease associations, and guiding laboratory experiments. 

4.3 Case Studies: AI-Driven Drug Repurposing during COVID-19 

In-depth analysis of specific examples where AI played a pivotal role in identifying potential 

treatments for COVID-19, highlighting successes and challenges. 

5. Methodologies and Techniques 

5.1 Molecular Docking and Virtual Screening 

Exploration of molecular docking and virtual screening techniques, elucidating how AI enhances 

these methods in identifying drug candidates. 

5.2 Network-Based Approaches 

An examination of network-based approaches, including protein-protein interaction networks and 

drug-target networks, and their application in drug repurposing. 

5.3 Machine Learning Models in Drug Repurposing 

A detailed discussion of various machine learning algorithms and models used in predicting drug-

disease associations and repurposing candidates. 

5.4 Deep Learning Approaches 

An exploration of deep learning models, such as convolutional neural networks (CNNs) and 

recurrent neural networks (RNNs), and their utility in drug repurposing. 



5.5 Integration of Multi-Omics Data 

How AI integrates diverse biological data types (genomic, proteomic, metabolomic) to enhance 

drug repurposing efforts, including omics data preprocessing and feature selection. 

5.6 High-Throughput Screening and Phenotypic Screening 

An overview of high-throughput and phenotypic screening, and how AI-driven automation 

improves efficiency in drug repurposing experiments. 

6. Challenges and Limitations 

6.1 Data Quality and Availability 

Discussion on the importance of data quality and availability in AI-driven drug repurposing, and 

potential strategies to address data-related challenges. 

6.2 Ethical and Regulatory Challenges 

Exploration of ethical considerations in AI-driven drug repurposing, including data privacy, 

consent, and regulatory approval. 

6.3 Interpretability and Transparency 

The importance of interpretability and transparency in AI models, with insights into explainable 

AI (XAI) techniques. 

6.4 Overcoming Computational Barriers 

Addressing the computational challenges related to processing large-scale biological datasets and 

optimizing AI algorithms for drug repurposing. 

7. Case Studies and Success Stories 

7.1 Drug Repurposing Success Stories Enabled by AI 

A deep dive into specific instances where AI-driven drug repurposing led to the identification of 

promising treatments for various diseases, emphasizing the clinical outcomes. 



7.2 Lessons Learned from AI-Driven Drug Repurposing 

Key takeaways and best practices derived from successful AI-driven drug repurposing initiatives, 

including data sharing and collaboration. 

8. Ethical and Regulatory Considerations 

8.1 Patient Privacy and Data Security 

A detailed examination of the ethical concerns surrounding patient privacy and data security in 

AI-driven drug repurposing. Discussion on strategies for safeguarding sensitive patient 

information. 

8.2 Intellectual Property Rights 

An exploration of the intellectual property challenges arising from AI-driven drug repurposing, 

including issues related to data ownership, patenting, and collaboration agreements. 

8.3 Regulatory Approval and Oversight 

An analysis of the regulatory pathways and approval processes for repurposed drugs discovered 

using AI, including considerations regarding safety and efficacy assessments. 

8.4 Fair Access to AI-Repurposed Drugs 

The importance of ensuring equitable access to AI-repurposed drugs, especially in the context of 

global pandemics, and strategies for achieving this goal. 

9. Future Directions and Recommendations 

9.1 Integrating AI into Pandemic Preparedness 

Discussion on how AI can be seamlessly integrated into pandemic preparedness efforts, including 

the development of AI-powered surveillance systems and rapid response frameworks. 

9.2 Advancing AI Models for Drug Repurposing 

Exploration of avenues for improving AI models used in drug repurposing, including enhancing 

data quality, increasing model interpretability, and refining prediction accuracy. 



9.3 Strengthening Data Sharing and Collaboration 

Recommendations for promoting data sharing and fostering collaboration among researchers, 

pharmaceutical companies, and healthcare institutions to accelerate drug repurposing. 

9.4 Addressing Ethical and Regulatory Gaps 

Proposals for closing existing ethical and regulatory gaps in AI-driven drug repurposing, with an 

emphasis on global harmonization of standards and guidelines. 

10. Future Research Directions 

10.1 Targeting Emerging Viral Threats 

Discussion on the need for AI-driven drug repurposing to focus on emerging and zoonotic viruses, 

with recommendations for proactive research strategies. 

10.2 Personalized Medicine and Tailored Treatments 

Exploration of how AI can enable personalized treatment approaches, taking into account 

individual patient factors such as genetics, comorbidities, and response to medications. 

10.3 Drug Combinations and Synergy 

Investigation into the potential of AI to identify effective drug combinations or synergistic 

treatments, which can enhance therapeutic outcomes and reduce the risk of resistance. 

11. International Collaboration and Data Sharing 

11.1 Global Data Sharing Initiatives 

An overview of international efforts to promote data sharing and collaboration in the context of 

pandemic response, highlighting successful models and challenges. 

11.2 Open Science and Open Data Platforms 

Discussion on the role of open science and open data platforms in facilitating transparency, 

reproducibility, and knowledge exchange among researchers worldwide. 



11.3 Standardization of Data Formats and Protocols 

Recommendations for the standardization of data formats and research protocols to enable 

seamless integration of data from various sources and institutions. 

Conclusion 

In an era marked by the ever-looming specter of global pandemics, the marriage of artificial 

intelligence (AI) and drug repurposing stands as a beacon of hope and a transformative force. This 

comprehensive exploration has unveiled the profound potential of AI to revolutionize the 

landscape of pandemic preparedness and response. As we have journeyed through the intricate 

terrain of AI-driven drug repurposing, it has become evident that this amalgamation of advanced 

technology and medical science offers a robust solution to expedite treatment discovery. The 

advantages of repurposing existing drugs, coupled with AI's ability to swiftly and intelligently 

navigate vast datasets, provide a compelling formula for combating emerging infectious threats. 

From machine learning models to natural language processing and network-based approaches, AI 

techniques have demonstrated their mettle in not only accelerating drug discovery but also in 

offering personalized treatment pathways. The success stories recounted herein, from the 

tumultuous days of the COVID-19 pandemic, illuminate AI's capacity to identify life-saving 

solutions with unparalleled speed. However, this remarkable journey is not devoid of challenges. 

Data quality, ethical dilemmas, and regulatory intricacies cast formidable shadows. Nevertheless, 

these obstacles can be surmounted through concerted efforts and a commitment to transparency, 

accountability, and international collaboration. The path ahead is clear. Policymakers must 

recognize the imperative of funding and support for AI research in drug repurposing. Regulatory 

frameworks must evolve to accommodate AI-driven discoveries while upholding the highest 

standards of safety and efficacy.  
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