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1. Introduction to Drug Discovery and Development 

Drug discovery and development underpin the healthcare system and have a significant 

impact on the modern world. A wide range of complex diseases and symptoms arising from 

genetic traits and multi-omics interactions raises the bar for supervised pharmaceutical 

research and development. Usually, it takes over 12 to 15 years to introduce new drugs from 

early development to the commercial market, with luck to gain market approval. As a result 

of implementing guidelines and global pharmaceutical standard practices, the R&D process 

to access innovation between large companies, start-ups, and research centers is systematic, 

which involves launching drug-related R&D projects, biological systems, compound libraries, 

high-throughput and high-content screening, hit-to-lead and lead optimization, in vitro and 

in vivo evaluation, clinical trials, pharmacokinetics, absorption, and pharmacodynamics, 

toxicity testing, scientific advisory review, and market approval. Despite this, obtaining 

market approval remains a significant challenge for drug developers. Innovative approaches 

such as phenotypic screening and authorized therapy in healthcare are required. Therefore, 

to cope with these healthcare challenges, it is essential for pharmaceutical researchers and 

manufacturers to introduce high-throughput screening and early identification approaches 

that can accelerate new and helpful innovations by developing effective and safe drugs. 

The development of efficient and safe drugs for healthcare is a comprehensive process. Several 

challenging approaches combined with disease and drugs are proposed by biology and 

medicine, interdisciplinary scientific, statistical, and mathematical techniques. Hence, 

researchers propose to predict chemical and biological experimental activities and events 

using unique machine learning techniques that do not involve biological and genetic testing. 

It is essential to explore important chemical and biological features herein and minimize 
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redundant dataset noises that are not compatible with the task of predicting an intelligent 

model for use in commercial scientific research. Artificial intelligence is a machine learning 

approach that can help researchers predict and design chemical and biological tests and 

evaluate early clinical outcomes in real time. 

1.1. Challenges in Traditional Drug Discovery Processes 

Target identification, validation, lead discovery, optimization, toxicity profiling, and clinical 

trials are some of the key stages of the drug development pipeline. However, on average, it 

can take around 10 to 15 years and close to $1.5 to 2 billion to get a new drug from its discovery 

to being approved by the regulatory authorities. The attrition rates in the development 

pipeline are more than 90%. Conventional drug development pipelines are inefficient due to 

various reasons such as: (i) they are not capable of identifying patient responses at an earlier 

stage of clinical development; (ii) the complexity of some diseases makes it difficult to identify 

targetable regions; (iii) it is difficult to find a protein involved in the disease process as the 

disease model is not available in the laboratory; (iv) the druggable 'bindable' region may not 

be identical to the targetable regions involved in the disease process; (v) drugs may undergo 

high clearance and may not reach the targetable region of interest quickly. 

The difficulty in identifying the patients at risk is mainly due to: (i) serious side effects and 

their genetic factors; (ii) pharmacokinetics and pharmacodynamics as they differ from person 

to person; (iii) off-target effects of drugs. Another problem of drug discovery is 'drugging the 

undruggable.' Many diseases are caused by protein-protein or protein-nucleic acid interfaces. 

When this interface is disrupted, it will lead to alterations in the disease signals, and the 

disease will cease. However, it is quite difficult to find the proteins that undergo 

conformational changes. The aim of this review is to compile the past few years of scientific 

literature and to compare the discovery approaches with the current years. This would 

probably result in the acceptance of proven models by the drug regulatory authorities. This 

review can guide young and upcoming researchers on various explorative concepts and 

experimental procedures to document their investigations. 

2. Role of Artificial Intelligence in Healthcare 

Artificial intelligence (AI) is becoming ubiquitous and revolutionary in healthcare, 

empowering various domains by providing novel mechanisms and scaling extensive 
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possibilities. The potential to utilize patient healthcare data has improved diagnostic accuracy 

and suggested personalized treatment paths in different subrate and challenging jobs. 

Applications of AI, combined with genetic development, have quickly doubled and nearly 

tripled with their widespread deep learning architectures. Machine learning algorithms can 

predict drug receptor binding and design efficient drug-like chemicals by using enhanced 

molecular features with computer tools in the fields. In the preclinical field of medical 

experimentation, potential drugs are used to monitor their efficacy on disease management 

systems and reduce the time to advance clinical trials in drug development. Enhancing direct 

production prediction can maximize the current experimental potential in the industry. 

The movement is adequately developed and uses many scientific studies in the 

pharmaceutical industry to disclose the potential utility of AI, such as efforts that couple the 

healthcare needs of early diagnosis and precise treatment with the particular functional skills 

of AI methods. AI methods have been promoted to evaluate the particular loss in various 

molecular, cellular, and biotechnical studies made in the pharmaceutical sector. Thus, the 

broader potential method was promoted to introduce many human studies. Meanwhile, 

combining early medical research has managed to attract as a frontrunner for many pilot 

programs that assess their innovative design to pursue new drugs under current drug 

regulation. Providing a sample of both detects the chances for drug discovery and molecular 

targets to screen clinical pilot methods in transcriptional transformations. 

2.1. Overview of Machine Learning and AI 

Machine learning (ML) is a field of artificial intelligence (AI) that enables a system to develop 

the ability to learn and improve from experience without being explicitly programmed. 

Different algorithms and techniques are used in machine learning. Underlying these 

algorithms and techniques are various mathematical concepts, such as linear algebra, calculus, 

and probability and statistics. There are three main kinds of machine learning problems: 

supervised learning, unsupervised learning, and reinforcement learning. Supervised learning 

includes different models such as linear regression, logistic regression, decision trees, random 

forests, and deep learning models. Unsupervised learning occurs when there is no labeled 

output for the algorithm to predict. Clustering and dimensionality reduction are some 

examples of unsupervised learning models to apply. Reinforcement learning is a dynamic 
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model based on rewards and punishments. The main concept of reinforcement learning is for 

an agent to learn behaviors based on rewards or punishments from their environment. 

Machine learning is popular in several industries. In imaging, machine learning is used to 

segment and classify brain tumor MRI images, diabetic retinopathy, among others. In 

recommendation systems, machine learning is used in online shopping websites to 

recommend similar products for items that customers consider buying. The use of machine 

learning in drug discovery and development may result in reduced drug time and overall 

costs. In terms of the limitations for machine learning in healthcare, the two common 

challenges are data quantity and quality. The lack of large quantities of data to train a machine 

learning model makes prediction challenging. In machine learning, the volume of data 

significantly impacts the prediction ability of these models. In addition to the quantity of data, 

the quality of the data also plays a significant role in the analysis. Low quality and some risk 

of bias in the data may result in learning a non-representative mapping, which in turn overfits 

the model. In these terms, data quality, diversity, and the ethical considerations of data use 

can limit machine learning algorithm analysis. Machine learning has expanded since the 1980s 

with research on artificial intelligence. In healthcare, the need for machine learning to aid in 

drug discovery and development is at the intersection of academia, pharmaceutical 

companies, and technological innovation. We provide an overview of machine learning in 

drug discovery and development and discuss its potential for various implications in the 

progression of drug discovery to the clinical trial stage. Furthermore, we provide insights into 

the strengths and limitations of machine learning towards accelerating the transformation of 

drug discovery. 

3. Application of Machine Learning in Drug Discovery 

Machine learning (ML) has been gaining interest recently with an optimized and diversified 

palette of applications now present in the field of drug discovery. It is a powerful tool that can 

revolutionize the early stages of drug discovery by identifying and validating drug targets, 

keeping in mind the past experience and scientific knowledge present. It can carry out the 

analysis of intracellular signaling and cellular phenotype, ultimately resulting in the detection 

of potentially druggable biomolecules. Profiling of ligands is also done in the context of 

identifying possible applications of drugs and predicting drug-target interactions, and it also 

helps in the assessment of toxicity and efficacy. 
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Predictive modeling, a subset of supervised learning in ML, involves both the art and 

statistical methods. It also employs various algorithms like decision trees, neural networks, 

regression models, support vector machines, random forest, and gradient boosting. The 

biggest advantage of ML is that it does not require any a priori hypothesis. Thus, ML has a 

pivotal role in the optimization of drug compounds. The integration of ML and AI reduces 

the time frames of drug target and hit identification, hence fast-tracking and making the drug 

development process more economical and accurate. Another revolutionary way in which ML 

can optimize the process of drug discovery is by extracting meaningful information from 

patients' electronic health records. ML can support the design of clinical trials, ultimately 

accelerating the process of bringing drugs more quickly to the market. Some of the best 

platforms that transform the early stages of drug discovery are 'Mile Map', 'Atomwise', and 

MDIMATICs. In a real-world context, the successful integration of ML into drug discovery is 

only achieved by bringing two very distinct groups of people together: biologists and data 

scientists. 

3.1. Predictive Modeling in Drug Target Identification 

During the initial stages of pharmaceutical research, when compounds that modulate cellular 

processes are tested for their efficacy in treating disease, the identification of potential 

therapeutic targets is one of the most significant breakthroughs. Predictive modeling, which 

is guided to evaluate large data sets, has risen in academic environments to fill the gap 

between traditional poor success rates and financially expensive studies. Advantages of 

predictive modeling include an acceleration in the process of discovering new medicines and 

precise results backed up by large-scale validation through available molecular databases. In 

short, this tool uses two main types of data: target-based and phenotypic compound data. 

Genomic and/or proteomic factors, as well as clinical ramifications of interest, are used to 

infer the former, while the latter are designated based on algorithmic predictive modeling. 

Predictive modeling encompasses quite different algorithms, including machine learning and 

statistical analysis. Because candidate target compounds are difficult to discover due to the 

vast amount of data requiring immense computational processing, the main focus of 

predictive modeling is at the early stages of drug discovery and development. It must be 

ensured that the data is reliable. Furthermore, associating direct and full causality is a 

challenging task, which can be overcome using statistical methodologies. Disease-related big 
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data is analyzed in this theoretical context, as leaving this field unattended is not 

recommended. The staging area, where the process of stacking valuable data begins, should 

be carefully addressed. Modeling algorithms and techniques for training on targeted 

prospects are the main interest of scientists. Some of the current predictive modeling for 

healthcare includes the guidance of biomedical drugs, the treatment of multi-omics profiling 

data, various chemotherapy applications, potential repurposing of chemical drugs, aspirin for 

target predictive applications, and machine learning in omics sciences. 

4. AI Models for Accelerating Pharmaceutical Research 

AI models have the capacity to greatly accelerate pharmaceutical research by enabling the 

integration of large biological and chemical datasets. This transformative potential, made 

possible by including machine learning, will impact various stages of drug discovery and 

development, as well as regulatory compliance. We can thus mention novel target discovery, 

pharmacogenomics studies, drug repurposing, polypharmacology, and early toxicity 

profiling, as well as in silico predictions of molecular properties. AI models trained to build 

mathematical tools on a large amount of drug discovery data can greatly streamline both drug 

discovery and development and improve regulatory compliance predictions. Moreover, AI 

models also have the potential to accelerate various tasks. Indeed, scientists and specialists 

spend most of their professional time pursuing tedious tasks that are managed by routine. 

Automating and creating an AI-empowered cognitive workbench can free up time for 

scientists and specialists to perform more innovative aspects of drug development. As drug 

discovery is a high-risk and expensive process, researchers tend to reduce costs and increase 

the probability of success by choosing reliable models and therapeutic strategies. In this 

context, drug repurposing has emerged as a strategy to reduce timelines and cost investment, 

as repurposed drugs were previously used for other purposes with already demonstrated 

safety for use. Machine learning algorithms have shown to considerably assist in the 

identification of druggable targets, prediction of compound-target interactions, prediction of 

the main target considering polypharmacology issues, evaluation of potential toxic effects and 

drug-drug interactions, confirmation of targets on intended off-target mechanisms, and 

disease treatment. Additionally, individual genetic, pharmacogenomic, and pharmacokinetic 

issues should somewhat define personalized pharmacological management. Moreover, we 

believe that AI approaches are potentially used to revolutionize our understanding of drug 

combination coordination in many other disorders, as it does not only fuel drug repositioning. 
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In turn, AI-based approaches are expected to improve and evolve in silico prediction 

properties concerning solubility, permeability, absorption, distribution, metabolism, 

excretion, pharmacokinetics, toxicity, and adverse events in drug development processes. On 

the other hand, AI models' predicted strategies may have the potential to overcome some of 

the major issues, such as false positives and false negatives, that have alerted the pharma 

industry in recent years. 

4.1. Drug Repurposing and Virtual Screening 

Drug repurposing, or repositioning, is proposed as an attractive, cost-effective strategy to 

identify new uses of existing medications. Drug repositioning has become an emerging and 

important approach in drug discovery and development in the pharmaceutical industry. This 

method leverages existing information about a new candidate molecule, including known 

pharmacological properties, adverse drug effects, and related clinical experience as 

background knowledge. Drug repurposing has several advantages, including a reduction in 

development timelines and costs. This is likely to arise as drug repurposing studies based on 

known drugs for new indications require only a good preclinical data package with safety 

and pharmacokinetic properties. Drug repurposing discovery strategies include simulations 

of molecular activity, analysis of drug-substrate-disease networks, in silico and bioinformatic 

analyses of transcriptomic and phenotypic disease signatures or relevant target structures, or 

even integrated computational-experimental strategies for virtual screening. 

The recent advancements in biotechnological research lead to the testing of an increasing 

number of small molecule compounds in biological assay systems and, consequently, an 

increasing number of available biological datasets. However, the inability to process, analyze, 

and subsequently validate such results by low-throughput methods creates a bottleneck in 

biological and pharmaceutical research. By developing AI-driven solutions, vast libraries of 

compounds can be systematically analyzed and ranked according to their predicted biological 

activity and proposed mode of action. These AI-based approaches are usually referred to as 

in silico methods or deal with the field of virtual screening, in which a decision support tool 

is being developed for high-throughput screening experiments, focusing on reducing the 

number of compounds selected for experimental evaluation that need to be further pursued. 

The role of in silico integrated approaches towards accelerating drug development has 

already been recognized. Nonclinical experimental techniques for lead compound 
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identification result in attrition rates in the order of 95–99%. In conclusion, despite a large 

number of recent advances in the field of drug repurposing or virtual screening, there are 

relatively few examples of successful synergies involving both computational prediction and 

laboratory validation. Interdisciplinary efforts to join external studies with internal 

experimental preclinical as well as applied clinical studies should also be considered. 

5. AI in Clinical Trials 

Clinical trials reform a significant part of drug discovery and development, necessary for 

understanding how we can improve patient care. Sixty-eight percent of patients who are 

approached to participate in clinical trials choose not to participate due to a variety of medical, 

logistical, and psychological factors. This leads to slow recruitment and erratic patient 

representation in trial results. Patients in clinical studies are often not relevant or beneficial 

for the study, nor do they reflect the patient cohort relevant to the drug target. An AI strategy 

can optimize patient selection for clinical trials and perform a variety of functions including 

patient targeting, site selection, and design of study protocols. AI can also help to turn large 

volumes of data gathered by existing studies into knowledge and insights with real or 

potential therapeutic value via better data management and flow, and data linkage. AI can 

also be used to proactively monitor trial data in real time and assess causality. 

AI can significantly accelerate both clinical design and clinical trial conduct, contributing to 

patient benefit and is already being applied across pharmaceutical companies to the following 

parts of clinical design: clinical protocol input, country selection, site selections, and patient 

selection. One of the application areas involves the computerized analysis of patient 

demographics and health insurance statistics to optimize site and patient selection to reduce 

patient recruitment time and costs. A variety of players in the tech and healthcare industries 

are driving insight and intelligence into the clinical trial process by leveraging the power of 

AI and are taking a number of tactics to deploy their algorithms, ranging from solving specific 

pain points, implementing new approaches, or enabling end-to-end automation of the 

process. However, the application of real-world data in clinical trials requires trust as it 

integrates data extending beyond a single stakeholder. However, technologies are evolving 

and clinical research is increasingly adopting different AI technologies and big data to 

improve clinical outcomes, patient recruitment, patient experience, treatment adherence, and 

reduce trial costs. These technologies include mobile and wearable devices, virtual reality, 
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platforms for real-world evidence-based care, cloud databases, AI-based data analysis, 

recruitment services, and electronic informed consent. Adopting the right protocols and data 

management processes will allow technologies to be future-proofed and implemented in a 

manner that will inform a sustainable ecosystem, which will not only generate quicker 

insights for the end consumer but has the potential to revolutionize healthcare through the 

therapeutic interventions initiated by pharmaceutical companies, generating improved 

patient outcomes. 

5.1. Patient Recruitment and Retention 

One of the main challenges in clinical trials is patient recruitment, which exhibits an average 

dropout rate of 30%. The quality of the study drugs, trials, and outcomes increasingly rests on 

enrolling the right participants. One of the common bottlenecks of trial procedures rests with 

the labor-intensive identification and cultivation of potential patients. In traditional 

recruitment methodologies, a site may need to screen 50 patient records per day to identify 

even a single eligible patient who chooses to participate in the study. There are a variety of 

reasons why traditional patient recruitment methods have floundered. In some instances, 

recruitment trials so strictly vet the selection process that only overly homogeneous patients 

are enrolled who are not reminiscent of the general population. In other cases, trial sites rely 

heavily on paper charts or simple electronic data capture systems that make it more labor-

intensive and therefore more expensive to identify potential recruits. AI and machine learning 

studies have shown that large datasets can be screened and turned into analytics that can help 

identify potential patients more efficiently. Improved recruitment also has a positive effect on 

the probability of studies receiving marketing approval. 

Traditional demographic and biometric analytics are not sufficient to recruit patients, 

especially when an illness presents with a variety of phenotypic presentations and co-

morbidities among the demographic strata in which it is prevalent, or it is a significantly 

under- or misdiagnosed condition. AI is increasingly being used to operationalize the process 

of mining large healthcare data systems to reveal the presence of such patients being seen for 

patient care or to quickly search through large databases of past and current trial participants 

of all kinds to compile a comprehensive list of potential candidates quickly and with very little 

human review. Once patients are identified, study sites are using AI-driven platforms to 

personalize the communication of study objectives and the benefits of study involvement to 
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the respective participant. To achieve this, sites are retrofitting CRM approaches to include AI 

logic and draw dynamic content based on patient interactions. Finally, most common 

algorithms use complex statistical analytics to narrow into populations that are likely to have 

groups of patients for ensuring successful recruitment. 

In addition, new AI techniques like machine learning are pushing the envelope for digital 

engagement due to their mechanism of improving functionality with input from every 

participant interaction. Given the pervasive use of mobile devices and online platforms, AI 

patient engagement strategies are being employed for clinical research and trials. Leveraging 

a mix of AI and analytics, real-time data from potential participants are collected to select the 

most relevant factors in clinical and lived experiences, where these data points must not only 

make a difference in influencing why a patient might go into a clinical trial but also pass a 

sponsor’s regulatory and ethical requirements for the protection of human subjects. Moreover, 

sites' recruitment costs were significantly enhanced by using a base model of lower income 

for project cost and network costs. Importantly, the economic risk of running ads in multiple 

markets was mitigated by using predictive modeling, which allowed committees to change 

their weighted impression tiering in order to move the market based on spend and by using 

predictive analytics to minimize performance risk. In a campaign case study, the team used 

more advanced recruitment platform targeting algorithms that allowed committee staff to 

adjust their tiered markets in response to spend decisions as the trial progressed and 

communicated with the main campaign in real time as market performance evolved. 

6. Future Direction 

AI technology is ever-evolving. New innovations in deep learning and cloud computing in 

the years to come could enable even more efficient data collection, analysis, and predictive 

modeling capabilities. It is expected that a robust set of machine learning and predictive 

analytics software for accelerating the development and discovery of drugs and healthcare 

techniques can be integrated with traditional research and clinical trials, providing rapid, cost-

effective techniques for identifying unusual patterns in vast and complex data sets. These 

might be used by interdisciplinary teams of scientists, clinicians, and technologists to guide 

their work and supplement time-consuming standard methodologies. Even more richly 

intelligent future AIs could potentially be designed to identify and evaluate multi-modal data, 

learning and analyzing from electronic health records, imaging, and genomics. This could 
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include transdisciplinary solutions with intelligent decision-making capabilities. Ethical 

considerations exist in tailoring and implementing AI software to manage human data in 

healthcare. AI programs in healthcare require rigorous regulatory oversight for efficacy, 

ethical, and moral constraints. It is anticipated that these AI models will begin to be used in 

the pharmacovigilance of approved medicinal compounds to search for unforeseen adverse 

effects due to independent phenotype relationships, spanning clinical and other big data. 

Continued research in AI methodologies is therefore crucial for their planned and strategic 

introduction into the healthcare and pharmaceutical research industry. 

7. Conclusion 

In closing, the fundamental concept of AI and machine learning can significantly address 

critical challenges in drug discovery and development. Artificial intelligence has the potential 

to establish remarkably better disease classification systems and, more generally, to provide 

new approaches for evaluating the profound complexity of living organisms. These 

traditional methods are undoubtedly facing various deficiencies; thus, AI and machine 

learning offer a convincing alternative. However, the sole use of one kind of feature extraction 

does not promise encouraging results. This is just one example of the many ways AI is used 

in collaboration with traditional drug discovery and development. If we had begun to validate 

these approaches even faster via the combination of data, the use of AI would accelerate the 

transition of potential drugs through the research and development phases, ultimately 

helping patients. 

The increasing use of AI in drug discovery and development is expected to continue. Highly 

talented data scientists and other professionals who can help pharmaceutical companies 

access, evaluate, and incorporate AI into their R&D programs are rapidly entering the 

industry, including some of the top levels of academia. The comprehensive use of AI for 

evaluating large-scale healthcare and clinical data to boost efficacy and reduce regulatory 

hurdles is the next barrier to be crossed. It contributes novel and non-intuitive results that 

frequently cannot be replicated or discovered by traditional methods. Despite being unable to 

capture improved medical outcomes as fast as originally envisaged, this AI hype has assisted 

in developing more competition, more interest, and more funding for initiatives that 

emphasize high-risk AI. 
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