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ABSTRACT 

The traditional drug discovery process is notoriously slow, expensive, and prone to high failure 

rates, with new drug development averaging over a decade and costing billions of dollars. The 

integration of Artificial Intelligence (AI) and Machine Learning (ML) is poised to transform 

this paradigm, offering a data-driven approach to accelerate timelines, reduce costs, and 

improve success rates. This review article examines the critical role of AI/ML at each stage of 

the drug discovery pipeline, from target identification to lead optimization and preclinical 

testing. It provides a comprehensive overview of the current market landscape, key players, 

and notable case studies, supported by quantitative data and a robust list of references. The 

article concludes by discussing the major challenges, including data quality and ethical 

considerations, while highlighting the promising future of AI in creating more efficient and 

innovative pharmaceutical R&D. 

Keywords: AI in Drug Discovery, Machine Learning, Drug Discovery, Bioinformatics, 

Pharmacology 

1. INTRODUCTION 

Drug discovery and development is a 

complex, multi-stage process that can take 

up to 15 years and cost over $2.5 billion per 

drug [1, 2]. The high attrition rate, with only 
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about 10% of candidates successfully 

navigating clinical trials, has spurred the 

pharmaceutical industry to seek innovative 

solutions [3]. Artificial Intelligence and 

Machine Learning have emerged as 

transformative tools that can analyze vast, 

complex datasets—from genomic sequences 

to chemical libraries—at unprecedented 

speed and scale [4]. By leveraging these 

technologies, researchers aim to move 

beyond traditional trial-and-error methods 

towards a more rational, predictive, and 

efficient discovery process [5]. 

2. AI and ML Across the Drug Discovery 

Pipeline 

AI and ML algorithms are being integrated 

across every stage of the drug discovery 

continuum, optimizing workflows and 

generating novel insights. 

 Target Identification and 

Validation: AI models can sift 

through massive amounts of 

biological data (genomics, 

proteomics, transcriptomics) to 

identify novel disease-related targets 

[6]. By analyzing gene-disease 

associations and protein-protein 

interaction networks, ML algorithms 

can predict which targets are most 

likely to be therapeutically effective 

[7]. 

 Hit Identification and Lead 

Optimization: This stage, which 

traditionally relies on high-

throughput screening (HTS), is 

being accelerated by AI. Machine 

learning models can predict a 

molecule's binding affinity, 

absorption, and toxicity before it is 

even synthesized [8]. Generative AI 

models are used for de novo drug 

design, creating novel molecular 

structures from scratch with desired 

properties [9]. The "lab-in-the-loop" 

model, where AI generates 

predictions that are then validated in 

a lab and used to retrain the model, 

is a powerful approach for iterative 

optimization [10]. 



Khan JA                                                                                                                                                       Review Article 
 

 
61 

IJBAF, August, 2025, (13)8 

 Preclinical and Clinical 

Development: AI accelerates 

preclinical assessment by predicting 

a compound's pharmacokinetic (PK) 

and pharmacodynamic (PD) 

profiles, assessing its safety, and 

simulating its behavior in the body 

[11]. In clinical trials, ML algorithms 

can optimize patient recruitment, 

predict clinical outcomes, and 

analyze real-world data to identify 

potential side effects or drug 

repurposing opportunities [12]. 

3. Market Dynamics and Investment 

The market for AI in drug discovery is 

experiencing explosive growth, driven by 

the increasing need to reduce R&D costs and 

accelerate time-to-market. The market size 

is projected to grow significantly over the 

next few years, reflecting a shift in industry 

priorities (Table 1) [13]. 

This Figure 1 illustrates the projected 

growth of the AI in Drug Discovery market. 

The market, valued at $2.58 billion in 2025, 

is forecasted to reach $8.18 billion by 2030, 

demonstrating a Compound Annual Growth 

Rate (CAGR) of 25.94%. The steep upward 

trend underscores the rapid adoption of AI 

and ML technologies in the pharmaceutical 

and biotechnology sectors. 

 
 
 

Table 1: Comparison of Traditional vs. AI-Driven Drug Discovery 
Feature Traditional Drug Discovery AI-Driven Drug Discovery 

Time to Market 10-15 years 3-5 years (projected) [14] 

Average Cost >$2.5 billion Significantly reduced [1] 

Hit-to-Lead Rate Low (trial-and-error) Higher (predictive, targeted) 

Data Reliance Small-scale, siloed data Large-scale, integrated 'Big Data' [15] 

Primary Method High-Throughput Screening In Silico Screening & De Novo Design 
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Figure 1: AI in Drug Discovery Market Size and Growth Forecast (2025-2030) 

 

The market is fragmented but includes major 

pharmaceutical companies, technology 

giants, and a thriving ecosystem of AI-first 

biotech startups [16]. Significant venture 

capital funding has poured into the sector, 

with investments rebounding sharply in 

2024 [17]. Notable deals include Insilico 

Medicine's large funding round and Sanofi's 

billion-dollar deal to leverage AI platforms 

[18]. 

4. Key Players and Success Stories 

A number of companies are leading the 

charge in applying AI to drug discovery. 

Insilico Medicine is a prominent example, 

having used its AI platform, Pharma.AI, to 

identify a novel target for Idiopathic 

Pulmonary Fibrosis and advance a drug 

candidate (INS018_055) to Phase I clinical 

trials in record time [19, 20]. Other key 

players include: 

 Exscientia: Partnered with 

Sumitomo Dainippon Pharma, they 

discovered a drug for obsessive-

compulsive disorder that entered 

clinical trials in a fraction of the 

usual time [21]. 

 Recursion Pharmaceuticals: Uses 

a massive dataset of cell images to 
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map cellular biology and find new 

disease targets and drug candidates 

[22]. 

 Atomwise: Utilizes deep 

convolutional neural networks to 

predict the binding of molecules to 

proteins, speeding up virtual 

screening [23]. 

5. Challenges and Future Outlook 

Despite the rapid progress, several hurdles 

remain. The primary challenge is the quality, 

standardization, and accessibility of the data 

used to train AI models [24]. The "black-

box" problem—where AI models make 

predictions without a clear explanation of 

their reasoning—is another major concern 

for regulators [25]. 

However, the future is incredibly promising. 

The integration of quantum computing, 

advancements in multi-omics data analysis, 

and the development of new AI architectures 

will continue to accelerate the discovery 

process. The long-term vision is an end-to-

end, fully integrated AI platform that can 

manage the entire R&D pipeline, from 

generating a novel molecule to predicting its 

clinical success with high accuracy [26]. 

6. CONCLUSION 

The integration of AI and ML is not merely 

an optimization tool but a fundamental 

paradigm shift in drug discovery. By 

transforming a slow, trial-and-error process 

into a fast, data-driven, and predictive one, 

these technologies are poised to reshape the 

pharmaceutical industry. While challenges 

related to data and explainability persist, the 

demonstrated successes and substantial 

investment in the sector indicate that AI-

driven drug discovery is here to stay, 

promising to deliver life-saving medicines 

to patients faster and more affordably than 

ever before. 
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