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ABSTRACT 

Artificial Intelligence has revolutionized the process of drug discovery and improved clinical trials, which lead to the 

reduction of time and cost. Our review highlights the role of Prescription AI in the evolution of drug development 

processes. The first quartile discusses QSAR modeling and binding free energy molecular docking, coupled with how 

these methods can be improved with AI. They are capable of predicting molecular interactions at astonishing levels of 

accuracy. Identifying and validating more effective drug targets with the help of AI. Utilizing machine learning and multi-

omics approaches to discover novel therapies. It summarizes committee-overseen AI-driven molecular engineered drugs. 

For instance, drugs’ ADMET properties help design and screen lead drug candidates. AI has had a similar impact on all 

lines of clinical trials in consolidation. From the processes of patient specification & categorization, to novel visualization 

techniques. Moreover, there exists a paradigm of drug-device combinations which allows for novel drug development 

strategies. Untapped areas of marketed drugs and synergies in treatment may enhance efficacy. Data deficiencies, bias in 

algorithms and regulatory compliant mechanisms are barriers that must be addressed. This study emphasizes the efforts 

made to resolve the issues of ethical transparency. The review emphasises principles to stem the abuse of AI in 

pharmaceutical advancement. In this review, The AI is embedded across all phases of drug development process. From 

the inception of the drug to the testing of it on humans so as to the impact of AI on the future of healthcare. It creates a 

foundation for more advanced research and partnerships in pharmaceutical AI. 

 

KEYWORDS: Artificial Intelligence (AI), Drug Discovery, Clinical Trials, Molecular Design, Target Validation, 

Pharmaceutical Innovation. 

 

INTRODUCTION 

This review delves into the significant changes that artificial intelligence (AI) brings to drug discovery, focusing 

particularly on its enhancement of trials.  

For complex diseases like cancer or during pandemics such as COVID-19, effective treatment often requires the use of 

multiple drugs in combination to address both the progression and underlying mechanisms of the disease. Despite 

significant advancements in the pharmaceutical industry, the process of drug development has remained time-consuming 

and expensive. To accelerate this process, numerous computational algorithms have been proposed, which offers a more 

efficient and cost-effective approach to drug discovery. AI tools help streamline various stages of development, potentially 

reducing the time and resources required to bring new therapies to market [37]. 

 

QSAR (Quantitative Structure Activity Relationship) and Molecular Docking  

QSAR models use Machine learning (ML) and Deep learning (DL) algorithms to predict the biological activity of 

molecules based on their chemical structure. 

Machine learning algorithms analyze vast data to find hidden patterns, accelerates the discovery of new bioactive 

compounds with minimal side effects compared to traditional methods. ML also aids in predicting toxicity based on 

extensive databases of toxic and non-toxic compounds. 

Deep learning models, based on datasets of known drugs, accurately predict the biological activity of new compounds, 

rapidly generate new drugs efficiently with desirable properties like solubility and effectiveness and also identifies drug-

drug interactions. 

Molecular docking involves the use of algorithms to predict the binding of molecule to protein target [38]. 

ML and DL have notably redefined various phases of the drug development journey, from identifying and confirming 

potential targets to refining clinical trials [1], [2], [3]. These advancements hold the promise of streamlining the drug 

discovery process, lowering expenses, and enhancing patient outcomes. 

The review consolidates recent findings to offer a comprehensive examination of AI’s impact on drug development. It 

shows key milestones while also addressing the ongoing limitations and challenges. In particular, it explores AI’s role at 

each stage of the process, including early target identification, drug formulation, and the planning, implementation, and 

evaluation of clinical trials. These challenges impede the broader adoption of promising AI methodologies in clinical 

practice and limit the ability to fully leverage AI’s potential to accelerate drug discovery and enhance patient outcomes.  

While AI offers the promise of faster, more cost-effective, and efficient drug development [31], [32], achieving these 

benefits requires overcoming significant barriers and addressing critical knowledge gaps. Furthermore, this review 

discusses the ethical and regulatory challenges associated with integrating AI into drug discovery and development, 
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explaining the complexities involved in embracing such innovative technologies in this essential field that must be 

resolved to unlock the full capabilities of AI in this transformative field. 

 

Table 1: Applications of Deep learning (DL) in drug discovery 
Application Area Description 

Drug-Target Interactions (DTIs) Deep learning models predict how drugs interact with specific biological targets, identifying 

new drug candidates and uncovering unknown mechanisms of action. 

Drug-Drug Similarity Interactions 

(DDIs) 

DL techniques assess interactions between drugs, helping to identify harmful combinations 

and optimize treatment regimens. 

Drug Sensitivity and 

Responsiveness 

Deep learning predicts how individual patients will respond to drugs based on genetic 

makeup and other factors, enabling personalized treatment plans. 

Drug Side Effect Predictions DL models analyze clinical and molecular data to predict potential side effects of drugs, 

allowing for earlier intervention and safer drug development. 

 

AI in Drug Target Identification and Validation 

The identification and validation of drug targets are critical components in the stages of drug development. Yet, 

conventional techniques in this area tend to be slow, labor-intensive, and often come with high failure rates. Artificial 

intelligence (AI) presents a groundbreaking alternative, facilitating quicker and more precise identification and validation 

of these drug targets. 

 

How AI Enhances Target Identification 

AI, especially through machine learning (ML) and deep learning (DL) technologies, is transforming the process of 

identifying drug targets by examining large and complex datasets with unmatched accuracy [4], [5], [6]. These methods 

can analyze genomic, proteomic, transcriptomic, and clinical information to anticipate interactions between drugs and 

proteins while revealing potential therapeutic targets for various diseases [7]. 

AI's major advantage lies in its skill at detecting complex patterns and relationships within extensive datasets abilities 

that greatly outperform traditional techniques. For instance, AI  plays a crucial role in finding new drug targets for rare 

genetic disorders, where standard methods often struggle. By combining genetic and clinical information from various 

sources, AI develops a thorough understanding of disease mechanisms, leading to the discovery of novel therapeutic 

targets [8]. Techniques like feature selection also improve this process by highlighting the most pertinent data points, 

simplifying complexities, and boosting the overall efficiency of target identification. 

 

The Power of Multi-Omics Integration 

One of the most significant contributions of AI in drug target identification is its capability to integrate multi-omics data. 

By concurrently analysing genomic, transcriptomic, proteomic, and metabolomic information, AI delivers a 

comprehensive overview of disease mechanisms. This all-encompassing approach can pinpoint potential drug targets that 

might otherwise be missed when looking at individual data types separately. 

This unified perspective is especially crucial in addressing complex diseases, where multiple biological pathways interact. 

AI’s ability to merge insights from various datasets allows researchers to discover new targets that resonate more closely 

with the underlying biology of such diseases, thereby increasing the chances of therapeutic success. 

In general, AI has reformed identification by enabling the analysis of extensive datasets, integrating different data types, 

and revealing previously obscured disease mechanisms, thus providing more effective and efficient strategies for drug 

development. 

 

AI-Driven Target Validation 

Target validation is a crucial step in drug development, involving the confirmation that a proposed drug target plays a 

significant role in the disease process and that modulating its activity can yield therapeutic benefits. Traditionally, this 

process requires extensive experimental validation, which is both time-consuming and costly. However, AI is increasingly 

being utilized to streamline and enhance target validation, offering more efficient and cost-effective approaches [5]. 

AI-powered simulations are transforming the validation process by predicting the therapeutic profile of potential drug 

candidates based on their molecular properties and interactions with the target [4]. These simulations reduce the 

dependency on labor-intensive experimental methods, enabling faster progression through the drug development pipeline 

[9]. Using AI models, researchers can evaluate critical aspects of drug-target interactions, such as binding affinity, 

therapeutic efficacy, and potential off-target effects. This prioritization of the most promising candidates helps minimize 

the resources required for further testing, significantly cutting both costs and timelines. 

In addition to predictive modeling, AI also plays a vital role in analysing data from experimental validation studies. By 

integrating results from in vitro and in vivo experiments, AI algorithms uncover patterns and relationships that may be 

overlooked by human researchers. This leads to more accurate and efficient target validation, enhancing the overall 

effectiveness of the drug development process. 

The integration of AI-driven target validation with high-throughput screening techniques offers even greater potential. By 

combining the capabilities of AI with the ability to screen large libraries of compounds rapidly, researchers can identify 
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the most promising drug candidates for further development more effectively. This approach not only speed up the 

validation process but also increases the probability of discovering successful therapeutic interventions. 

 

AI in Drug Design and Optimization 

After identifying and validating potential drug targets, the next critical step in the drug discovery process is designing and 

optimizing molecules that effectively interact with these targets. Traditionally, this has been a time-consuming and 

ceaseless process involving substantial trial and error. However, AI is transfiguring drug design by introducing innovative 

and efficient methodologies. 

 

AI-Assisted Molecular Design 

AI is transforming how novel drug molecules are designed by enabling the creation of compounds with desired properties, 

such as high potency, selectivity, and improved pharmacokinetics [10], [7]. A key innovation in this space is the use of 

generative models, which can either design new molecules from scratch (de novo) or optimize existing lead compounds 

[4], [11].  

Generative models excel at exploring vast chemical spaces, identifying potential molecules that traditional methods might 

overlook [6]. By learning from extensive datasets of known compounds and their associated properties, these models can 

generate new molecules tailored to specific therapeutic needs. This capability dramatically accelerates the drug design 

process, enabling researchers to identify innovative drug candidates with enhanced efficacy and safety profiles. 

In addition to discovering novel compounds, AI-assisted molecular design can refine and optimize existing lead 

molecules. This includes improving critical characteristics such as bioavailability, stability, and target selectivity, while 

minimizing potential toxicity. By reducing the reliance on labor-intensive experimental approaches, AI significantly 

streamlines the optimization phase, facilitating for the development of safer and more effective therapies. However, 

evaluating generative models presents significant challenges. Conventional metrics may not effectively capture the quality 

and novelty of the molecules they produce, highlighting the need for the development of new assessment methodologies 

[33]. 

 

Predicting Drug Properties and ADMET 

The anticipation of drug properties, including absorption, distribution, metabolism, excretion, and toxicity (ADMET), 

plays a vital role in drug development [4], [12]. Accurate ADMET predictions help identify potential toxicity concerns 

early in the process, which can save both time and resources [13].  

AI algorithms are being increasingly utilized to predict these properties by analysing the molecular structure and other 

relevant characteristics of drug candidates. This approach can reduce the need for expensive in vivo testing, thus 

accelerating the drug development process and minimizing the risk of failures at later stages [10].  

By integrating various data sources, such as experimental data, chemical structures, and biological activity, AI models 

can deliver more accurate and reliable ADMET predictions. This comprehensive assessment allows for better-informed 

decisions about the further development of drug candidates. 

 

AI in Clinical Trial Design and Optimization 

Clinical trials are a vital but costly stage in drug development. AI is revolutionizing this phase by offering ways to enhance 

efficiency, reduce costs, and increase the likelihood of trial success. AI’s advanced data analytics helps to optimize trial 

design, improve patient recruitment, and predict outcomes more accurately, leading to more effective and streamlined 

clinical trials. 

 

AI-Driven Patient Selection and Stratification 

AI has the potential to greatly enhance patient selection for clinical trials by identifying individuals who will benefit most 

from the specific interventions [14], [15].  

This process involves analysing a range of patient data, including genomic profile, medical history, lifestyle factors, and 

other relevant details to pinpoint suitable candidates [16].  

AI algorithms can recognize patterns and relationships within this data that might be overlooked by human researchers, 

leading to more precise patient selection and stratification. By focusing on patients who are more likely to respond to the 

treatment and minimizing those who might not benefit, this approach makes clinical trials more efficient and effective, 

conserving resources and speeding up the drug development process. 

In the context of personalized medicine, AI-driven patient stratification is especially valuable. By identifying groups of 

patients who may respond differently to the same treatment, AI can assist in tailoring therapeutic strategies to each 

patient’s needs, thus improving treatment outcomes. This approach is essential for developing effective therapies for 

complex diseases, where standardized treatments may not be appropriate. 

 

AI-Powered Trial Design and Monitoring 

AI is also revolutionizing the design and implementation of clinical trials [14], [17]. It is being used to predict trial 

outcomes, determine optimal sample sizes, and customize treatment protocols. AI systems can remotely monitor patients, 
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gathering real-time data on their health status and treatment responses [15]. This enhances patient adherence and reduces 

the likelihood of adverse events [18]. By analysing large volumes of clinical trial data, AI can identify key factors that 

contribute to a trial's success or failure, helping to refine future trial designs and improve their chances of success. 

Additionally, AI can automate various trial management tasks such as patient recruitment, data entry, and analysis, 

allowing researchers to focus on other critical areas. This can result in considerable cost savings and expedite the overall 

clinical trial process. 

 

AI in Drug Repurposing and Combination Therapy 

AI is transforming not just the discovery of new drugs but also the repurposing of existing drugs and the optimization of 

combination therapies. 

 

Discovering Novel indications for established drugs 

AI can greatly speed up the process of drug repurposing by unveiling potential new applications for existing medications 

[3], [19]. This involves analyzing extensive datasets of drug-target interactions and clinical outcomes to identify 

molecules that could be effective against different diseases [13]. AI algorithms are able to detect patterns and connections 

between drug molecules and their impact on various biological systems, enabling the discovery of new therapeutic uses. 

This approach not only shortens the drug discovery timeline but also reduces the time and resources needed to introduce 

new treatments to the market [20]. Repurposing existing drugs holds great promise for treating rare diseases and 

conditions with few treatment options, and it tends to be more cost-effective than developing entirely new drugs, as it 

builds on existing knowledge and data. 

 

Optimizing Combination Therapies 

For many diseases, combination therapies are necessary to achieve the best possible treatment outcomes. AI can enhance 

the optimization of these therapies by predicting how different drugs will interact, identifying whether their effects will 

be synergistic or antagonistic [19]. This can result in more effective treatments with fewer side effects [21]. AI algorithms 

can process vast datasets of drug interactions to spot the most beneficial drug combinations for specific diseases [13]. 

This approach helps create safer and more effective treatments, reducing adverse events and improving patient outcomes.  

Additionally, AI can personalize combination therapies by tailoring treatment regimens to specific patients based on their 

unique characteristics and needs, further enhancing treatment effectiveness and minimizing the risk of side effects. 

 

Table 2: AI applications in the stages of drug discovery 
Stages of Drug Discovery AI Applications Citations 

 

Target Identification Predictive modeling, machine learning, deep learning, multi-omics data 

integration 

[5], [6], [8], [7] 

Drug Design Generative models, molecular dynamics simulations, property 

prediction, ADMET prediction 

[4], [10], [7], [12], [13] 

Clinical Trials Patient selection, trial design optimization, real-time monitoring, patient 

stratification 

[14], [16], [15], [18] 

Drug Repurposing Data analysis, predictive modeling, target identification [3], [19], [13] 

Combination Therapy Synergy prediction, drug interaction analysis [19], [13], [21] 

 

Challenges and Ethical Considerations 

While AI offers tremendous potential in drug discovery, several challenges and ethical issues need to be addressed to 

ensure its responsible and beneficial use. 

 

Data Availability and Quality 

AI’s potential in drug discovery is contingent upon the availability and quality of data [3], [6], [7]. However, obtaining 

and integrating diverse datasets can present significant challenges, and issues with data quality can affect the accuracy 

and reliability of AI models [22], [23]. To improve outcomes of AI-driven drug discovery, data standardization and 

harmonization are essential [1]. Without consistent data formats and high-quality data, the development and application 

of AI models can be severely hindered. Therefore, it is critical to establish strong data integration and quality control 

processes to ensure the trustworthiness and broad applicability of AI-generated results. 

Another challenge is the availability of sufficient data, especially for rare diseases or conditions where limited information 

exists. To address this, strategies for augmenting existing datasets and generating synthetic data are necessary to improve 

the performance of AI models. 

 

Algorithmic Bias and Transparency 

AI models can reflect and perpetuate biases present in their training data sets, potentially leading to inaccurate or unfair 

results [24]. Ensuring transparency in AI models and reducing bias are crucial steps in building trustworthy systems [25]. 

The lack of transparency can make it difficult to understand how AI models make decisions, raising concerns about their 
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fairness and reliability. This highlights the need for explainable AI (XAI), which seeks to make AI decision making more 

transparent and accessible. 

Additionally, biases in training data can result in AI models that unfairly discriminate against specific patient groups. This 

is particularly concerning in drug development, where AI models are used to determine which patients should receive 

certain treatments. To address algorithmic bias it is essential to exercise caution and vigilance during data collection and 

model development along with continuous monitoring to identify and mitigate potential biases. 

 

Ethical and Regulatory Concerns 

The incorporation of AI in drug discovery raises several ethical and regulatory concerns [1], [2], [25]. Key concerns 

include data privacy, the potential misuse of AI algorithms, and the need for appropriate regulatory frameworks to govern 

AI-driven therapies. Patient data is often used in AI models, raising critical privacy issues. It is imperative to ensure that 

patient data is handled ethically and responsibly, with sturdy measures in place to protect confidentiality. Another ethical 

issue is the possibility of AI being used to discriminate against certain patient groups. To address this, strong regulatory 

frameworks are necessary to ensure that AI-driven therapies are safe, effective, and ethically deployed [23]. Collaboration 

between researchers, regulators, and ethicists is vital in creating guidelines and regulations that balance innovation with 

safety. 

Furthermore, the growing reliance on AI in drug discovery raises concerns about the displacement of human expertise 

and the potential impact on the workforce. To prevent job losses and ensure the continued quality of research, there is a 

need for proactive workforce development. This includes providing training and support to help researchers adapt to the 

changes AI brings to the field. 

 

Table 3: Examples of successful AI integrated drug discovery 
1. Gupta, R., et al. achieved a breakthrough in leveraging AI to identify innovative cancer compounds. They trained 

a DL algorithm on a large dataset of cancer-related compounds, yielding novel compounds with immense potential. This 

demonstrates the efficacy of AI in discovering new therapeutic candidates. [39]. 

2. AI/ML‐guided CNS drug discovery, focusing on blood–brain barrier permeability prediction and implementation 

into therapeutic discovery for neurological diseases [40]. 

3. In the latest research, researchers utilized machine learning algorithms to identify new inhibitors of beta-secretase 

(BACE1), a key enzyme implicated in Alzheimer’s disease escalation. Specifically, they developed multi-target, ligand-

based 2D-QSAR models to evaluate the inhibitory potential of various N-benzyl piperidine derivatives. These compounds 

demonstrated dual inhibitory activity, targeting both AChE and BACE1, highlighting their promise as multitarget-directed 

agents for Alzheimer’s therapy [41]. 

4. Numerous other studies [42, 43, 44, 45] demonstrate how AI-powered approaches are pioneering pharmaceutical 

innovation by speeding up the process and facilitating the design of more effective therapies. 

 

CONCLUSION 

AI is reinventing the landscape of drug discovery and clinical trials, offering the promise of accelerating the development 

of innovative therapies and enhancing patient outcomes. While significant progress has been made in various aspects of 

drug development, challenges such as data availability, algorithmic bias, and ethical concerns still pose barriers to fully 

realizing AI’s potential in healthcare. Overcoming these obstacles will be crucial for unlocking the full transformative 

power of AI in drug discovery.  

 

To ensure AI is integrated responsibly and beneficially into the drug development process, continued research and 

collaboration across discipline - spanning science, medicine, ethics, and regulation will be essential [26], [27], [28]. As 

AI continues to evolve, its role in drug discovery will undoubtedly expand, reshaping every stage of the process, from 

molecule design to clinical trials. 

 

The integration of AI into drug discovery offers immense potential to speed up the development of new treatments and 

improve patient outcomes [34], [35]. However, significant gaps remain, particularly in areas such as data bias, model 

interpretability, ethical considerations, and the establishment of regulatory frameworks. To truly harness AI's 

transformative capabilities, these gaps must be addressed through rigorous research, the creation of resilient and ethical 

AI methodologies, and close interdisciplinary collaboration. This will ensure that AI-driven drug discovery is not only 

effective but also equitable, offering new therapies to a broader range of patients.  

 

The future of drug discovery will be shaped by how well these challenges are navigated sustaining innovation while 

ensuring responsible use of AI technologies [29], [30]. Although the path forward is complex, the potential rewards 

quicker drug development, more effective treatments, and improved patient outcomes make the pursuit of AI-driven drug 

discovery a promising and worthwhile endeavour. With continued research, collaboration, and ethical vigilance, AI can 

unlock its full potential in revolutionizing drug discovery and healthcare as a whole. 
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