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Abstract
[bookmark: _GoBack]Artificial intelligence (AI) encompasses a wide range of technologies, including Optical Character Recognition (OCR), Deep Learning (DL), Machine Learning (ML), and Natural Language Processing (NLP), and it will affect the health and clinical research industries. Traditional clinical trials have had a lot of difficulties- inefficient, costly, and low success rates- and these criteria are likely to increase as AI applications get into the whole process. Both AI and big data analytics can be used to apply significant improvements in design, patient recruitment, site selection, monitoring, and regulatory submissions, as well as real-time monitoring through wearable technologies. Some of the important contributions of AI include developing stratification of patients, integration of data, and predictive enrichment for improving patient outcomes while decreasing complexity, cost, and duration. The potential of AI in trial protocol development and endpoint detection is also evolving with Bayes and NLP tools. This is much faster now than before due to automated reporting for regulatory submissions, and this gives much more compressed time lines. Modern clinical trials will be built much on such dynamics of adoption of AI by organizations clinical research organizations (CROs) and pharmaceutical companies. It will take shape under virtual trials combined with personal health for making things much more efficient and accessible to patients. It will, however, need strong pharmacology blend with machine learning expertise and access to very rich, clean datasets in healthcare to realize its full potential. With over $5.2 billion in investment in AI-enabled clinical trials, unprecedented innovation and efficiency can be expected in the future. 
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Introduction
The technical and scientific field of artificial intelligence (AI) aims to create intelligent machines. Optical Character Recognition (OCR), Deep Learning (DL), Machine Learning (ML), and Natural Language Processing (NLP) are examples of AI techniques [1]. It's among the newest cutting-edge technologies that change clinical studies. AI development in the healthcare industry has a solid technical foundation because of the rapid advancement of information technology and the vast amount of biomedical data that has been gathered. In addition to lowering the complexity and danger of clinical trials, researchers are investigating AI applications to improve the quality of medical diagnoses and services [2]. The success rate of traditional clinical research is only 10%, and it takes a lot of time. AI is currently being applied in a number of clinical trial process sectors. AI enables researchers to perform clinical research, utilising real-world data analysis to enhance patient classification and forecast outcomes [3]. AI has the potential to improve clinical trial stages while reducing the strain and expense of clinical development. In order to further clinical research, numerous sizable clinical research organisations are now starting to invest in AI [4]. To help choose lead compounds that would have a better chance of succeeding throughout clinical development, AI could make the process of looking for correlations between indications and biomarkers more efficient. It offers the chance to change crucial stages of clinical trial management, including study strategy, design, and execution. While lessening the burden and cost of clinical development, AI has the ability to enhance the stages of clinical trials. Many large clinical research institutions are already beginning to invest in AI to advance clinical research [4]. AI might speed up the process of searching for correlations between indications and biomarkers to assist choose lead compounds that would have a higher chance of surviving clinical development. It provides the opportunity to alter key phases of clinical trial administration, such as study design, strategy, and implementation.

1. Artificial Intelligence
By mimicking human intelligence in machines, artificial intelligence (AI) is transforming a number of industries. Applications like virtual assistants, picture identification, natural language processing, and predictive analytics are made possible by AI systems' ability to learn, reason, and self-correct. AI improves decision-making, efficiency, and accuracy in the fields of education, healthcare, finance, and transportation. Robots with AI capabilities manage manufacturing processes and carry out intricate procedures. Virtual assistants such as Google Assistant, Alexa, and Siri make life easier. Chat bots powered by AI offer round-the-clock client service. AI has the ability to completely change the way we connect, work, and live. Unmatched creativity, productivity, and progression are anticipated from its upcoming developments.


2. AI's Development in Clinical Trials
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AI was first defined in 1955 and refers to the science and technology of developing intelligent computer systems [6]. AI is rapidly proving to be a complete answer to a variety of problems in healthcare administration. By 2030, the size of the global market for AI-based clinical trial solutions for patient matching is anticipated to reach USD 1,969 million. Clinical research and development, the second fastest-growing field, is expected to grow at a compound annual growth rate (CAGR) of 22.0% between 2023 and 2030 [7].
As new opportunities arise, the development of these tools will continue to enrich the clinical research landscape. Eight sciences, including DL, NLP, ML, Cognitive science, Robotic automation, automated reasoning, Computational Statistics, and Neural Net, represent a comprehensive collection of artificial intelligence. Numerous connections that build upon each other allow AI to advance into a more sophisticated future state [8].


2.1. Issues with the Conventional Method of Clinical Trials

The medication development process takes an average of 10 to 15 years, of which 5 to 6 years are required for research and development (R&D) and an additional 5 to 7 years are required for clinical trials. To bring a single new medicine to market, billions of dollars (about USD 1.5–2 billion) are spent on clinical trials [9]. Phase III trials are the most difficult and costly, and clinical trials account for around half of all expenses. One of the main challenges in the process of creating new medications is the high failure rate of clinical trials. Approximately one-third of Phase II compounds go to Phase III. The regulatory agency never approves more than one-third of Phase III compounds. Because the odds of a product passing each stage of clinical trials are different, only one out of ten compounds that start clinical trials make it to FDA approval. A substantial portion of the total R&D cost is lost with each failed trial, with losses ranging from US$0.8 to US$1.4 billion [10]. Only 10% of these large-scale clinical trials are effective, which is ironic. The most recent field of drug research to recognise and permit the positive effects of AI is clinical trials. Because it is difficult to mine different data sets for clinical trials and maintain data of every patient taking part in the trial method, artificial intelligence (AI) can help address all of these problems with the clinical trial process. By making major advancements in a number of R&D domains, including novel target identification, drug candidate selection, biometric data analysis from wearable devices, and the prediction of drug effects in disease patients, artificial intelligence (AI) holds promise for improving the chances of drug development success [9].

2.2. Applications of Artificial intelligence in clinical trials

The execution and conduct of clinical trials include clinical trial design, patient recruitment and selection, site selection, monitoring, data collection, and analysis. Of these, patient recruitment and selection is the most challenging; consequently, 30% of phase-III trials are terminated early, and 80% of studies complete the enrolment deadline. Additionally, the trial monitoring process for a multi-centered global study is an extremely expensive and time-consuming process. The time it takes from the "last subject last visit" to data submission to regulatory bodies, which entails extensive data collection and analysis procedures, is another challenge in clinical trials. AI and digitisation have led to these challenges in clinical trials [11]. The application of AI-based software in three primary domains—information engines, patient stratification, and trail operation—is the emphasis of this field's researchers. The application of artificial intelligence in clinical trials has a lot of promise and possibility. It is used by businesses worldwide due to its effectiveness, cost savings, and safety benefits (fewer mistakes). But technology also makes it possible for research to progress more quickly than ever before [12].

2.3. Artificial Intelligence in Study Design and Protocol Development

Every clinical trial begins with the creation of a clinical protocol. AI has the potential to enhance this process by collecting important data from each protocol, supplying essential metadata, and producing a standardised protocol document. Machine learning is becoming more important as pharmaceutical molecules approach human testing. Clinical trials can be made more efficient by developing AI-driven trial methods [13]. In order to identify potential barriers that can prohibit an experiment from being properly executed, researchers can upload protocols to additionally use NLP for protocol building. The cost, efficacy, and likelihood of success of clinical trials are all negatively impacted by inadequate research design. According to the FDA, AI models contribute to improving trial design standards. In addition to its many other applications, Bayesian nonparametric models (BNMs) have emerged as a powerful instrument for clinical trial design. This approach cuts down on the time needed for clustering and trial design. Two often utilised BNMs are Dirichlet process mixture models and Markov Chain Monte Carlo (MCMC) methods. These BNMs have uses in clinical trial design, including as dose selection in cancer patient studies, immuno-oncology, and cell treatment [14]. A more thorough study design can lead to shorter protocol development cycles, fewer protocol adjustments, and more efficient trials [15].

2.4. Using Artificial Intelligence to Choose Patients

AI can help with better patient selection by reducing population heterogeneity, prognostic enrichment, and predictive. There are various steps involved in selecting a patient for a clinical trial. Collecting the patient's data, past medical history, or new test results would be very costly and time-consuming. Linking patient data from the EMR with other patient data that is scattered across multiple locations, owners, and formats is made possible by AI. Such analysis using computer vision techniques such as OCR and NLP can give an efficient way to identify patients [5]. The FDA's published guideline outlines three ways that the clinical sector might implement to improve patient selection and optimise a drug's efficacy: reduced population heterogeneity, prognostic enrichment, and predictive enrichment. AI technology has the potential to enhance all of these tactics.

2.5. Artificial Intelligence for Site Selection and Investigators
One of the most important aspects of a trial is choosing good investigation sites. Administrative procedures, the availability of resources, and the presence of physicians with substantial experience and understanding of the condition are site attributes that can influence research durations as well as the quality and integrity of data [16]. AI technology can be used by clinical research organisations (CROs) to identify priority applicants, skilled investigators, and target sites. In order to demonstrate to authorities that the trial process conforms with GCP criteria, they might additionally collect and aggregate data [17].

2.6. Monitoring Trial and Endpoint Detection with Artificial Intelligence

AI can help a business keep tabs on a clinical trial by gathering and evaluating data in real-time. Wearable technology and AI techniques can work together to deliver effective, real-time, and customised patient monitoring that is automated and continuous throughout the trial. Recently, risk-based monitoring (RBM) has emerged as an effective, economical, and AI-enabled substitute for traditional monitoring. At the trial site, a more sophisticated version of RBM might be able to reduce expenses while improving the effectiveness and calibre of data monitoring [18]. AI-enabled medical image-based endpoint and disease identification is far quicker, easier, and less expensive than manual reading. According to recent findings, artificial intelligence (AI) has the potential to transform the conventional clinical trial procedure into one that is quicker, safer, and less expensive. This can increase the accuracy of endpoint assessments and procedure adherence [19].

2.7. Artificial Intelligence for Submission to Regulations

The regulatory application for a clinical trial involves a great deal of record-keeping. ML can automate this with the use of templates. By analysing the study protocol and the study analysis report, clinical study report (CSR) automation can use machine learning (ML) to automatically generate the CSR [20, 21]. The language of the CSR and the narratives can be changed using NLP approaches. The medical writer can then review these and make the required changes to produce the final CSR. It could be possible to finish all of this in two or three days. This method significantly speeds up the regulatory submission process while also enhancing the quality of the submission [22]. In the future, patient-centered decisions will be made by all stakeholders involved in clinical trial processes. The patient will receive information from sponsors about the trial, the process, and the participants [23]. Clinical trials can be revolutionised with greater success in attracting, engaging, and maintaining passionate participants throughout every stage of the study until its conclusion by utilising AI-enabled digital health technology and patient care systems.

2.8. Enhancing Clinical Development's Future
Future AI will be integrated with improved advances in computer simulation and personalised healthcare to set up clinical studies [24]. Virtual trials minimise the expenses, delays, and challenges that patients encounter by using the potential of contemporary digital technologies. Virtual trials could support up to 50% of all research, improving patient retention and speeding up clinical progress. Artificial Intelligence will save human time, money, and effort. Now, big pharmaceutical corporations are beginning to make AI investments. However, the usage of artificial intelligence in the research topics stated above still has room to grow. AI-powered investigations are conducted more rapidly, securely, and economically [25].
    3. Expertise, Technology, and Talent
In the quickly changing world of clinical research, sponsors need the most recent data to make the best decisions that will increase predictability, shorten time to market, and boost productivity. By using these methods in clinical research, researchers may illustrate and improve the application of AI-derived insights in many areas of development [26]. Pharma firms require partners who can supply the following data in order to realise the full potential of AI in clinical development:
3.1. A THOROUGH UNDERSTANDING OF PHARMACOLOGY AND DOMAIN EXPERTISE 
This expertise should include a thorough understanding of healthcare data for intelligent analysis, as well as awareness of international rules, financial expectations, patient and physician behaviour, and therapeutic abilities.

3.2. THE CURRENT STATE OF SCIENCE AND TECHNOLOGY 

To create high-quality models, the solution should be able to integrate discipline using the GXP Software Development Life Cycle (SDLC) approach with many datasets. It should also be able to identify regional and global patterns as well as provide in-depth insights at the physician and patient levels. 

3.3. EXPERTS IN MACHINE LEARNING AND DATA ANALYTICS 
The vendor's team should include technical experts who can create machine learning algorithms pertinent to the clinical development process.
3.4. AVAILABILITY OF EXTENSIVE HEALTHCARE DATASETS 
Machine learning algorithms are only as good as the data they have access to. The best systems will give users access to a wide range of global healthcare databases, such as prescription data, EMRs, drug sales data, patient and illness trend data, and data from electronic medical records.
3.5. THE POSSIBLE INTEGRATION OF THESE DIFFERENT DATASETS 
Many healthcare datasets are difficult to analyse because of their inconsistencies. To enable the algorithms to generate more accurate findings, a perfect partner will put techniques in place to "clean" the data. 
4. The Novel Environment in Clinical Experiments
The emergence of AI and new technologies is causing a significant transformation in the clinical trial ecosystem. For these new AI-software entrants, CROs can be seen as both an ally and a rival in some situations, particularly for larger firms that can already carry out the trial through their network of clinical partner locations [27]. CROs continue to provide the expertise and connections needed to conduct a typical clinical study. Although most CROs are still hesitant to work with AI start-ups at this early stage, they are starting to notice some collaborations in which CROs use AI technology to set themselves apart from other startups. Additionally, this will make go-to-market tactics for startups easier. In order to maintain their position as a key participant in the clinical trials process, CROs will eventually seem to use AI-based technology. Partnerships and startup assistance will be used to accomplish this in the short term, while more integrated solutions will be used in the long run [3]. A total of $5.2 billion has been invested in AI for clinical trials and medication research, and many collaborations between pharmaceutical corporations and AI start-ups have already been formed.
Conclusion
Clinical trials with artificial intelligence are a promising and developing area of study. AI has the potential to revolutionise future drug development and pave the way for a new paradigm of long-term, sustainable medical research. Every phase of a medicine's lifecycle is covered by the all-encompassing approach to incorporating AI into drug research and approval. AI has the ability to simplify the process, from target identification to drug clinical trials. Clinical trials for new compounds account for most of the time and resources invested in the drug development process, and artificial intelligence (AI) has been used to improve the quality of trial design, patient selection, dose selection, patient adherence, trial monitoring, and endpoint analysis. End users and regulatory bodies alike need AI technology to be ethical, repeatable, scalable, and understandable. In this regard, clinical research will be able to explore a variety of opportunities thanks to AI-enabled approaches, which could fundamentally change the course of future studies. It will take another five to eight years to fully appreciate the advantages of AI tools in the healthcare industry. The industry need specific laws, clear evaluation procedures, and positive viewpoints towards clinical validations because the broad use of AI technology is still fraught with challenges.
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