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ABSTRACT: Your comprehensive description highlights the multifaceted applications of Artificial Intelligence (AI) across 

various fields, particularly in the pharmaceutical sector. The role of AI in medication discovery, development for complex 

diseases, drug adherence, dose optimization, and drug production underscore its versatility and impact on healthcare. The 

mention of the challenges in the clinical trial process and the potential of AI to streamline tasks like patient selection and 

enrolment is crucial for improving efficiency and addressing issues like the low completion rate of clinical trials. However, 

your observation about the limited evidence of AI use in clinical trials aligns with the ongoing exploration and adoption of 

these technologies in the pharmaceutical industry. The integration of AI in clinical trials holds promise for advancing 

research and improving patient outcomes. 
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INTRODUCTION 

 The pharmaceutical sector is undergoing a transformative revolution in drug development, testing, and delivery, all thanks to the 

integration of artificial intelligence (AI). AI is accelerating drug discovery by meticulously analyzing vast datasets, optimizing 

clinical trials through enhanced patient recruitment and predictive insights, and revolutionizing drug delivery with personalized 

treatment plans derived from individual patient data. This shift toward AI signifies a more efficient, precise, and patient-centric 

approach in the pharmaceutical industry.(AI).[1] Through the analysis of large datasets, AI algorithms can expedite the medication 

development process, saving a great deal of time and money compared to conventional methods.[1] AI helps to more efficiently 

allocate resources and speeds up the first phases of drug discovery, freeing up researchers to concentrate their attention on molecules 

that have a better chance of succeeding.  

 

Absolutely, AI plays a crucial role in advancing personalized or customized medical care. Its capacity to analyze vast amounts of 

genetic and molecular data enables medical professionals to tailor therapies based on the unique genetic composition and 

physiological traits of individual patients. This approach, often referred to as precision medicine, holds the promise of optimizing 

treatment outcomes by considering the specific characteristics and responses of each patient to medical interventions. AI's analytical 

capabilities in genomics and personalized healthcare contribute to more targeted and effective medical treatments. This customized 

strategy reduces the possibility of negative effects while optimizing therapeutic efficacy. For example, AI systems may recognize 

particular genetic markers that affect a person's medication metabolization, enabling physicians to recommend the best prescriptions 

and dosages. This individualized approach to treatment is especially beneficial for complicated illnesses like cancer, where patient 

genetic heterogeneity necessitates customized therapeutic approaches.[1]  

A new age of efficiency and precision in medical diagnostics has been brought about by AI. AI algorithms are able to identify minute 

irregularities in pictures from X-rays, MRIs, and CT scans by utilizing machine learning approaches in conjunction with medical 

imaging. This capacity increases the likelihood of effective treatment results by facilitating the early diagnosis of disorders like 

cancer.[1] AI-driven chatbots and virtual assistants are transforming patient interactions with healthcare providers. The technologies 

you're referring to, such as AI-driven chatbots and virtual assistants in healthcare, indeed play a significant role in transforming how 

individuals interact with healthcare services. By providing immediate preliminary evaluations and healthcare advice, these 

technologies empower individuals to assess the urgency of their medical concerns. Indeed, the analysis of patient data by AI not 

only supports more informed decision-making on seeking additional medical attention but also has the potential to reduce the burden 

on healthcare facilities. Automated systems addressing routine queries and concerns can enhance overall efficiency in the healthcare 

system. This leads to quicker responses to non-emergency situations and better allocation of resources for more critical cases, 

contributing to an optimized and effective healthcare delivery model.[2] 

Absolutely, the analysis of complex patient data, including genetic profiles, medical histories, and treatment responses, by AI can 

unveil subtle trends that significantly influence medication efficacy and patient outcomes. AI's ability to process vast datasets and 

identify nuanced patterns allows healthcare professionals to make more informed decisions regarding treatment plans. This 

personalized approach, driven by AI insights, has the potential to enhance the effectiveness of medications and improve overall 

patient care. This enables more informed and personalized healthcare decisions, marking a significant advancement in medical 

treatment and patient outcomes.  

By using a data-driven strategy, researchers may optimize the odds of success by designing more focused and effective clinical 

trials.[2] 

In conclusion, AI has completely changed the pharmaceutical sector by improving clinical trial designs, enabling tailored therapies, 

and improving the accuracy and efficiency of medical diagnostics. 

 

 

HISTORY OF AI 
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AI Maturation (1943–1952)  

• The groundwork for artificial intelligence (AI) began in 1943 when Warren McCulloch and Walter Pitts conducted the first research 

in what is now recognized as AI. They proposed a model of artificial neurons, laying the foundation for subsequent developments 

in the field.  

• “In 1949, Donald Hebb presented a rule for updating the strength of connections between neurons, now known as Hebbian learning. 

This concept remains a fundamental principle in modern neural network and machine learning theories.”  

• While Alan Turing made significant contributions to the field of computing and artificial intelligence, particularly with his Turing 

Machine concept, his direct contributions to machine learning in 1950 were not as pronounced. However, Turing's work laid the 

theoretical foundations for the development of machine learning algorithms and the broader field of artificial intelligence. 

• “Computing machinery and intelligence," a test he suggested. “The Turing test, proposed by Alan Turing in 1950, is a method used 

to assess whether a machine can exhibit intelligent behaviour indistinguishable from that of a human. The period from 1952 to 1956 

marks the early stages of AI's inception, as researchers began exploring the possibilities and developing foundational concepts for 

artificial intelligence.” 

• In the annals of artificial intelligence history, the year 1955 witnessed the emergence of a groundbreaking achievement by 

visionaries Herbert A. Simon and Allen Newell. Together, they unveiled the "Logic Theorist," the inaugural AI program designed 

to unravel novel and more refined proofs for mathematical theorems. This pioneering creation demonstrated its prowess by 

successfully proving 38 out of 52 mathematical theorems, etching an indelible mark on the early stages of AI evolution.  

 

Early Enthusiasm in The Golden Years (1956-1974)  

• “In 1956, at the Dartmouth conference, American computer scientist John McCarthy coined the term "artificial intelligence" (AI), 

marking the formal recognition of AI as a distinct field of study [3,4].” 

• “In year 1966, The researchers focused on developing algorithms to solve mathematical problems.  

• “In year 1966, Joseph Weizenbaum created the first chatbot, named ELIZA.””  

• “In year 1972, Japan built the first intelligent humanoid robot, known as WABOT-1.” 

 

The First Artificial Intelligence Winter (1974-1980)  

• The period from 1974 to 1980 is commonly referred to as the first AI winter. During this time, there was a significant reduction in 

government funding for AI research, leading to challenging conditions for computer scientists working in the field. The term "AI 

winter" describes these periods of reduced support and enthusiasm for artificial intelligence research.  

• During AI winter, public interest in AI decreased [5]. 

 

Artificial Intelligence (AI) Growth (1980-1987)  

• In 1980, following an AI winter hiatus, AI experienced a resurgence with the development of the "Expert System." Expert systems 

were created to mimic the decision-making abilities of human experts, marking a renewed focus on practical applications of artificial 

intelligence.  

• “The American Association of AI held its first national conference at Stanford University in 1980.”  

 

The Second AI Winter (From 1987 To 1993)  

• “The second AI winter lasted from 1987 to 1993.”  

• Once again, investors and governments stopped funding AI research due to high costs but ineffective results. Expert systems like 

XCON were very cost effective. 

 

Intelligent Agents Emergence (1993-2011)  

• In 1997, IBM's Deep Blue achieved a historic milestone by defeating the world chess champion, Gary Kasparov. This event marked 

the first time a machine had triumphed over a reigning human world chess champion.  

• In 2002, artificial intelligence entered households in the form of the Roomba, a robotic vacuum cleaner. This marked a notable 

instance of AI technology being utilized for practical and everyday tasks within domestic settings.”  
 In 2006, AI made its initial foray into the business world. Companies like Facebook, Twitter, and Netflix began incorporating AI 

into their operations, showcasing the adoption of artificial intelligence in diverse business applications. [6,7] 

 

From 2011 Until the Present, Deep Learning, Big Data, And Artificial General Intelligence  

• “In 2011, IBM's Watson achieved victory on the game show Jeopardy, showcasing its ability to comprehend natural language and 

swiftly answer both challenging and riddle-based questions. This marked a significant milestone in the field of artificial intelligence, 

demonstrating the capacity of AI systems to perform at a high level in complex tasks.” 

• In 2012, Google introduced the "Google Now" function for Android apps, enabling users to receive information in the form of 

predictions. This feature marked a significant development in providing personalized and predictive information to users through 

artificial intelligence. 

• In 2014, in the iconic Turing test, the chatbot "Eugene Goostman" emerged victorious in a competition. This event marked a notable 

achievement in the development of conversational AI, as the chatbot demonstrated the ability to engage in conversations in a manner 

that was indistinguishable from that of a human, according to the Turing test criteria. 

• In 2018, IBM's "Project Debater" made headlines by engaging in debates on challenging topics with two expert human debaters 

and performing admirably. This showcased advancements in natural language processing and the ability of AI systems to tackle 

complex and nuanced discussions. 
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• In a significant development, Google tested an AI program called "Duplex" in which the AI functioned as a virtual assistant making 

a hairdresser appointment. Remarkably, the person on the other end of the call did not realize that she was speaking with a computer. 

This showcased the impressive capabilities of AI in natural language understanding and communication.[8]. 

 

 

 

 

 

 

 

 

 

 

 

 

CONCEPT OF ARTIFICIAL INTELLIGENCE, MACHINE LEARNING & DEEP LEARNING 

 

The term "Artificial Intelligence" combines "Artificial," meaning created by humans or non-natural, with "Intelligence," referring 

to the ability to comprehend or think. Contrary to a common misconception, AI is not a system itself but is incorporated into systems. 

Various definitions exist, with one emphasizing AI as the study of training computers to perform tasks currently better done by 

humans. Essentially, AI aims to imbue machines with capabilities comparable to human intelligence. 

Machine Learning is the art of enabling machines to learn and enhance their performance without explicit programming. This 

application of AI enables systems to automatically enhance their performance based on experience. Through the analysis of input 

and output data, a program is generated, allowing the system to adapt and improve over time. In essence, Machine Learning 

empowers machines to evolve and make decisions without direct, explicit programming is that "Machine Learning is said to learn 

from experience E w.r.t some class of task T and a performance measure P if learners' performance at the task in the class as 

measured by P improves with experiences."  

Deep Learning, a sophisticated subset of Machine Learning, harnesses the power of intricate neural networks to tackle complex 

problems. Its triumphs across diverse domains are poised to escalate with the proliferation of data and advancements in 

computational resources. The profound depth and intricate architecture of neural networks in Deep Learning endow them with the 

capacity to adeptly discern and represent complex patterns and relationships within data, bestowing upon it the prowess to conquer 

formidable challenges. 

 

DIFFERENCE BETWEEN ARTIFICIAL INTELLIGENCE, MACHINE LEARNING & DEEP LEARNING 

 

Differences Artificial Intelligence Machine Learning Deep Learning 

 

 

Type of Algorithm 

Artificial Intelligence 

uses a type of algorithm 

that reflects intelligence 

through decision making. 

Machine learning 

employs an algorithm 

that enables the system to 

learn from data. 

Deep learning uses a type 

of algorithm that includes 

a neural network to 

analyse data and yield 

outcomes. 

 

 

Goal 

 

The goal of AI is to make 

machines as smart as 

humans. 

The goal of machine 

learning is to make a 

machine learn without 

explicit programming. 

The goal of deep learning 

is to mimic the human 

brain and make accurate 

prediction. 

 

Data Handling 

AI deals with structured, 

and semi-structured, and 

unstructured data. 

Machine learning deals 

with structured and semi-

structured data. 

Deep learning deals with 

structured and 

unstructured data. 

 

 

Applications 

 

AI applications include 

ridesharing applications, 

autopilot, and online 

games. 

Machine learning 

applications include 

pattern recognition, fraud 

detection, and content 

recommendation system 

Deep learning 

applications include stock 

market trading 

applications, language 

translation, network 

security 
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TYPES OF ARTIFICIAL INTELLIGENCE 

  

Fig. - Types of Artificial Intelligence 

 

AI was originally used in the 1960s, when academics focused on creating algorithms to solve geometrical theorems and 

mathematical difficulties.  

Computer scientists began working on machine vision learning in the late 1960s, and in 1972, robots with machine learning 

capabilities were constructed in Japan [9,10]. 

 

AI Software Tools 

                                                     Fig. - AI Software Tools 

AI'S PROSPECTS IN THE PHARMACEUTICAL SECTOR 

 

The pharmaceutical industry's embrace of AI continues to surge. Studies indicate that by 2025, around 50% of global healthcare 

organizations plan to implement AI strategies, showcasing widespread and sustained integration of this technology. International 

pharmaceutical firms are expected to allocate more funds towards AI-driven research, particularly in the quest for novel treatments 

in oncology and chronic illnesses.  

In the United States, chronic illnesses stand as the primary cause of death. To address this, businesses are increasingly leveraging 

AI to enhance the management of chronic conditions, reduce costs, and enhance patient outcomes. 

Future research on AI will focus on treating a number of serious chronic illnesses, such as diabetes, cancer, idiopathic pulmonary 

fibrosis, and chronic kidney disease.  
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AI is poised to reshape the pharmaceutical industry by improving clinical trial candidate selection processes. Artificial intelligence 

streamlines candidate selection by rapidly analyzing patient data, ensuring that trial opportunities are extended to the most suitable 

candidates for a specific study.[25] 

By eliminating potential roadblocks to clinical trials, the technology also lessens the need to make up for those issues by using a 

sizable trial group.  

AI will be used by organizations to screen and diagnose patients more accurately. AI can be used by professionals to extract more 

useful information from pre-existing data, such as mammograms and MRI pictures.AI and machine learning will keep advancing 

the production and discovery of new drugs. Furthermore, as AI tools become more widely available over time, they will inevitably 

find their way into manufacturing and pharmaceutical processes. AI-enabled times are ahead. 

 

WHAT ARE SOME OF THE ADVANTAGES OF AI IN THE PHARMACEUTICAL INDUSTRY? 

 

Artificial intelligence (AI) is revolutionizing the pharmaceutical industry by enabling personalized treatments, improving medical 

diagnostic accuracy and efficiency, and optimizing clinical trial designs. 

Here are some of the advantages of artificial intelligence in the pharmaceutical industry: 

 

 

 

Accelerated Drug 

Development 

 

 

AI algorithms can analyse large datasets to speed up drug development processes, 

saving time and money over traditional methods.[26] 

 

 

 

 

 

Personalized 

Treatments 

 

 

“Exactly, the capability of AI to analyze genetic and molecular data allows doctors 

to customize treatments based on each patient's unique genetic makeup and 

physiological characteristics. This personalized approach, often referred to as 

precision medicine, enables healthcare professionals to tailor interventions to 

individual patients, potentially improving treatment efficacy and reducing adverse 

effects. AI's ability to process and interpret large datasets contributes to more 

precise and personalized healthcare strategies.” 

 

 

Improved Medical 

Diagnostics 

 

 

“By incorporating machine learning techniques into medical imaging, AI 

algorithms can detect subtle anomalies in images such as X-rays, MRIs, and CT 

scans, allowing for the early detection of diseases such as cancer.” 

 

 

 

 

Improved 

Clinical Trial 

Designs 

 

 

“Absolutely, your statement accurately captures the essence of how AI's analysis 

of intricate patient data, including genetic profiles, medical histories, and 

treatment responses, enables the discernment of subtle patterns. This sophisticated 

analysis empowers AI algorithms to provide a more nuanced understanding of 

individual responses to treatments. This depth of insight allows healthcare 

professionals to make informed decisions, facilitating the tailoring of 

interventions for improved and personalized patient outcomes.[26]” 

 

 

 

WHAT ARE SOME OF THE CHALLENGES OF ARTIFICIAL INTELLIGENCE IN THE PHARMACEUTICAL 

INDUSTRY? 

 

“Historically, it takes a long time to extract ingredients from natural products, test compounds against samples of diseased cells, 

and find an appropriate candidate worth further investigation. 

From the beginning to the end of preclinical testing, the drug discovery process typically takes five to six years. Ten of the 10,000 

small molecules that were initially screened are chosen for clinical trials. This progress is typically slow, costly, labour-intensive, 

and frequently unsuccessful.[27] 

Fortunately, recent technological advances have significantly accelerated every stage of drug development. Pharmaceutical 

companies can now significantly benefit from various machine learning (ML) techniques in drug discovery by predicting chemical, 

biological, and physical properties of compounds. 

These tools enable computer systems to perform tasks that would normally require human intelligence, such as visual perception, 

speech recognition, decision-making, and language translation. They are much faster than traditional human analysis and laboratory 

experiments.  

With massive amounts of data available in the drug R&D process, artificial intelligence (AI) can help analyse the data and present 

results that will aid in decision-making, saving human effort, time, and money that would otherwise be spent on manual investigation 

of each compound. 
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Generally speaking, pharmaceutical companies use supervised and unsupervised machine learning techniques, like support vector 

machines (SVM), Random Forest (RF), and Naive Bayesian (NB), to predict drug-protein interactions, find drug efficacy, verify 

safety biomarkers, and maximize molecule bioactivity.[27] 

Regression, clustering, regularization, neural networks (NNs), decision trees, dimensionality reduction, ensemble methods, rule-

based methods, instance-based methods, and dimensionality reduction are other frequently used machine learning (ML) techniques 

and models. 

 

The Following Are Some of The Numerous Advantages of Using AI In Drug Discovery 

• Identifying and optimizing potential new drugs as soon as possible. 

• Shorten the drug discovery process timelines while increasing research agility. 

• Improve the accuracy of drug efficacy and safety predictions. 

• Expand opportunities for drug pipeline diversification, new research lines, and more competitive R&D strategies. 

 

While AI and machine learning hold immense promise for revolutionizing the pharmaceutical sector, their implementation poses 

unique challenges. Pharma businesses face a myriad of obstacles when endeavouring to integrate AI, including: 

The Unfamiliarity of the Technology: Because AI is still relatively new and somewhat esoteric, it still appears to be a "black box" 

to many pharmaceutical companies. 

Inadequate IT Infrastructure: The majority of current IT applications and infrastructure were not originally designed with 

artificial intelligence (AI) in mind. To compound the issue, pharmaceutical companies are faced with the necessity to upgrade their 

IT systems, incurring significant financial costs. This dual challenge underscores the intricate process of integrating AI into existing 

pharmaceutical frameworks. 

Dismantling Data Silos & Optimizing Electronic Records: A significant portion of data in the pharmaceutical industry exists in 

free text format, and the management of heterogeneous databases is disorganized. Consequently, pharmaceutical companies face 

the challenge of going the extra mile to compile and organize this data into a standardized format, making it ready for analysis. 

Low Accuracy of the Training Data: Some categorical errors remain in training sets, despite algorithms having a higher threshold 

for minimizing errors. 

Overfitting Or Underfitting: Concerns about overfitting or underfitting arise in algorithmic predictions. Overfitting occurs when 

a model delivers superior performance using subpar data or techniques. On the other hand, underfitting models struggle to generalize 

newly collected data and discern underlying trends in datasets. Both scenarios result in unreliable outcomes. 

Data Quality, Governance, Security, And Interoperability: Successfully marketing AI solutions will always revolve around data-

related issues. The least digitalized industry is healthcare, so creating common data standards and procedures will need to be done 

methodically in order to optimize the value of the data that is already available. Strong data governance must be implemented by 

healthcare providers and AI companies. Interoperability and data format standards must also be ensured. Data security must be 

improved, and consent for data sharing must be made clear. 

Transparent Algorithms Are Required to Comply with Drug Development Regulations: The intricacy of artificial intelligence 

processes makes achieving transparency in the healthcare industry a challenging endeavour. 

 

HOW CAN PHARMACEUTICAL BUSINESSES OVERCOME THESE CHALLENGES? 

 

The pharmaceutical industry can overcome the challenges of integrating artificial intelligence (AI) by following the procedures 

outlined below- 

1. Build Multidisciplinary Teams: To ensure efficient AI integration, pharmaceutical businesses should build teams comprised of 

professionals from multiple domains such as data science, IT, and medicine. 

2. Create A Common Terminology Dictionary: Creating a shared language among departments and stakeholders can assist 

guarantee that everyone. 

3. Resolve Little Difficulties to Establish Credibility: Before tackling more serious challenges, resolving minor ones can help 

foster confidence in AI and machine learning technology.[27].  

4. Establish A Specialized AI Team with Clear KPIs: Pharmaceutical companies should create a specialized AI team and define 

clear KPIs to gauge the team's effectiveness.[27].  

5. Launch A Small Proof of Concept Project to Show the Applicability of AI Technology: Carrying out a small-scale pilot 

project can help show the viability of AI in the pharma industry and pinpoint potential problems. 

6. Forget that the outcomes will need to be evaluated and validated in traditional ways in the immediate term: While AI has 

the potential to transform the pharmaceutical sector, it is still necessary to confirm its outcomes using traditional approaches. 

 

 

COLLABORATIONS BETWEEN THE PHARMACEUTICAL BUSINESS & AI COMPANIES 

The integration of AI in healthcare, particularly in 2016 and 2017, led to substantial investments and partnerships between 

pharmaceutical companies and AI firms. These collaborations aim to advance healthcare solutions by enhancing diagnostics, 

biomarkers, medication target identification, and the development of new therapies. The transition from traditional to AI-driven 

healthcare relies on data, with its analysis using machine learning (ML) or deep learning (DL) algorithms contributing significantly 

to modern healthcare evolution. Recent global partnerships, such as DeepMind's collaboration for acute renal injury management, 

highlight the convergence of pharmaceuticals and AI. Projects like the UK's 100,000 Genomes Project, involving partnerships with 

Roche, Berg, Merck, and Biogen, demonstrate the global impact of leveraging data and AI for rare disorders in NHS patients. 
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                      Fig. - Collaborations Between the Pharmaceutical Business & AI Companies 

 

“Atomwise is a pioneer in healthcare AI, leading the use of deep learning technology for innovative small molecule discovery. 

Known for exceptional speed, accuracy, and structural chemistry diversity with deep learning, Atomwise has contributed to 

discovering potential medicines for 27 disease targets. The company collaborates with prestigious institutions like Harvard 

University, Stanford University, and pharmaceutical companies. Benevolent AI is another notable AI tool in medication research. It 

uses a text mining approach to analyze patents, genetics, and biological information, extrapolating relationships and creating 

dynamic maps with over a billion connections. These intricate relationship graphs are believed to offer insights, identify new links, 

and highlight knowledge gaps, leading to the development of new theories. Unlike human intervention, AI, taking a disease-agnostic 

approach, fosters impartial views of scientific facts, enabling the formation of unbiased hypotheses.” 

“Ex Scientia is an AI startup specializing in phenotypic drug discovery. AI in this context excels in analyzing highly complex 

datasets for high-content phenotypic drug discovery, surpassing human capabilities. This capability enables the rapid evolution of 

medication designs by evaluating each newly developed compound against expected performance and other molecules. Numerate 

is another notable AI startup, employing classical methodologies to focus on ligand chemistry, ADMET, and combinatorial machine 

learning. The company aims to transform new medicine discovery by filling critical therapeutic gaps through the analysis of vast 

datasets relevant to drug development.” 

“A broad spectrum of collaborations spans diverse research areas, including the identification of novel small compounds, the 

discovery of new treatment approaches, and health data monitoring through wearable technology.[33] The anticipated advancements 

in healthcare, including increased efficiency in clinical trials, stratified medicine, and various benefits, are expected to contribute to 

the enhancement of healthcare services. However, the current cost of bringing a new medication to market, which can reach up to 

$3 billion over a 15-year period, is considered unsustainable. This trend necessitates a shift, particularly as customers are unwilling 

to pay more for medicines, and the costs of failures further compound the challenge. [35,36] A shift in the business model is necessary, 

and AI presents an opportunity for such a change. Collaborations in this context highlight the value of AI technology in exploring 

a larger design space and discovering rare compounds with features beyond what standard High Throughput Screening (HTS) alone 

would uncover.” 
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APPLICATION 

 

 

AI IN DRUG RESEARCH 

“The pharmaceutical industry has undergone a revolutionary shift with the integration of artificial intelligence. Drug development 

procedures can be sped up by utilizing AI algorithms, which will cut down on the time and expense involved with using conventional 

techniques. AI models can swiftly identify promising drug candidates with specific molecular properties aligned with desired 

therapeutic effects by analyzing large datasets. Through these algorithms, researchers can prioritize compounds more likely to 

exhibit the desired pharmacological activity, predicting their interaction with biological systems. This accelerates the drug discovery 

process, optimizing resource allocation and allowing scientists to focus on compounds with a higher likelihood of success.[42]” 

 Fig. - AI in Drug Research 

REPURPOSING AND OPTIMIZING DRUGS 

“Beyond just helping with early drug discovery, artificial intelligence (AI) is also very important for optimizing and repurposing 

existing drugs. AI algorithms excel at identifying alternative applications for pharmaceuticals that have already received regulatory 

approval. These algorithms leverage abundant information on drug safety profiles, potential interactions, and mechanisms of action 

by sifting through extensive databases of current drugs and their effects. Repurposing drugs for new indications enable 

pharmaceutical researchers to expedite development timelines by utilizing pre-existing safety and efficacy data. Ultimately, this 

strategy benefits patients and the industry by accelerating the availability of new treatment options and mitigating the risks 

associated with creating entirely new compounds from scratch.” 

 

AI FOR DIAGNOSIS 

A new era of efficiency and accuracy in medical diagnostics has been brought about by AI. AI algorithms are able to identify minute 

irregularities in images from X-rays, MRIs, and CT scans by utilizing machine learning techniques in conjunction with medical 

imaging. This ability increases the likelihood of successful treatment outcomes by facilitating early detection of diseases like cancer. 
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Furthermore, chatbots and virtual assistants driven by AI are changing how patients interact with healthcare providers. Instantaneous 

preliminary assessments and healthcare advice are provided by these tools, which may lessen the strain on healthcare facilities while 

assisting people in determining whether to seek further medical attention.[42] By speeding up diagnoses and lowering diagnostic 

errors, the integration of AI into medical practices is anticipated to greatly improve patient care as it continues to hone its diagnostic 

capabilities. 

 

PERSONALIZED CARE & PRECISION MEDICINE 

Precision medicine represents an evolution in healthcare, and artificial intelligence is essential to bringing personalized treatments 

to patients. Medical professionals are now able to customize treatments to the specific genetic and physiological characteristics of 

each patient thanks to AI's ability to analyse genetic and molecular data. This customized strategy reduces the possibility of negative 

side effects while optimizing treatment efficacy. For example, AI systems are able to recognize particular genetic markers that affect 

a person's ability to metabolize drugs, which enables physicians to recommend the best medications at the right dosages. This 

individualized approach to treatment is especially helpful for complex diseases like cancer, where patient genetic variability 

necessitates customized therapeutic approaches. 

 

DRUG INTERACTIONS 
“Artificial intelligence can check for potential drug interactions, such as drug-drug and drug-disease interactions, and inform 

healthcare providers and patients. Screening for potential interactions between medications that a patient is taking is one example 

of how AI might aid in drug interaction management. For example, if a patient is on a blood pressure medicine and is prescribed a 

new depression medication, AI can test for potential drug interactions between the two medications. If a potential interaction exists, 

AI can notify the patient and healthcare practitioner of the risk and make recommendations for how to manage the interaction, such 

as reducing dosages or prescribing an alternate drug. AI is also capable of screening for possible drug-disease interactions, such as 

when a prescription drug could exacerbate an already-existing medical condition.  

AI can check for any interactions between a new prescription and a patient's kidney function, for instance, if the patient has a history 

of kidney disease. AI is able to notify the healthcare provider of any possible interactions and recommend different medications or 

dosages. Artificial intelligence (AI) can assist in enhancing patient safety and lowering the chance of negative medical events, such 

as medication toxicity or treatment failure, by looking for possible drug interactions.”[43] 

 

ADVERSE DRUG RESPONSES  
AI plays a vital role in monitoring adverse drug reactions, notifying both patients and healthcare professionals when symptoms are 

detected. In the treatment of conditions like high blood pressure, AI tracks vital indicators and alerts professionals to potential 

negative reactions if anomalies are found. AI also inquires about patient symptoms, offering suggestions for addressing issues. This 

application enhances patient safety by preventing negative drug interactions and contributing to overall healthcare safety.[44] 

 

MORAL DETERMINATIONS 

AI introduces several ethical considerations in pharmaceutical processes. Protecting data privacy, especially with sensitive patient 

information, is vital. This involves anonymizing and securing data to comply with regulations like GDPR. Transparency and robust 

consent protocols are essential for patients to comprehend how their data will be used. Continuous monitoring and algorithmic 

improvement are critical to mitigate bias and ensure fair outcomes. Upholding ethical standards is paramount for the responsible 

integration of AI in pharmaceuticals, aligning with established guidelines to safeguard patient welfare.[42] 

 

AI IS REQUIRED IN HEALTHCARE: 

• “All in the field of pharmacy It is one of the leading technologies influencing the future of pharmacy. For centuries, the 

pharmaceutical industry has been developing cures and treatments.” 

• “Traditionally, drug design and manufacturing required several years, lengthy clinical trials, and enormous costs. However, with 

the rise of 21st century technologies, this is changing.” 

• “Collaboration between pharmaceutical and artificial intelligence companies: Collaboration between pharmaceutical companies 

and AI technology providers will be critical to the future of AI in pharma.” 

• “Collaborations between these two industries can aid in the development and adoption of AI technologies in the pharmaceutical 

industry.”” 

• “As of 2011, there were 161 billion GB of data with so much data available in this domain, Al can be of great assistance in 

analysing it and presenting results that will aid in decision making, saving human effort, time, and money, and thus helping to 

save lives.” 
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CONCLUSION 

 

AI is expected to have a significant impact on various aspects of our lives and the pharmaceutical industry, with the potential to 

significantly reduce drug discovery costs and time. As big data grows in size, new AI techniques to deal with it are required. For 

this challenge, deep learning modelling studies have shown advantages over traditional machine learning approaches. The 

pharmaceutical industry may be vulnerable in the coming decade due to the seamless integration of human intelligence and AI 

systems. There are currently no drugs developed using AI-based methodologies, and effectively implementing this technology 

presents significant challenges. However, in the near future, AI is likely to become an indispensable tool in the pharmaceutical 

industry. The use of AI in clinical trials is a promising field, but research on its impact on trial design and execution is lacking. Early 

stages of trials can be optimized to save time and resources, which benefits sustainability and resource use. The development of 

guidelines and best practices could encourage the use of AI in research and trials by establishing integrated networks of research 

and development with stakeholder participation. Digital innovation has the potential to accelerate healthcare transformation while 

also improving the efficacy and quality of healthcare systems. 

 

REFERENCE 

 

1. Chen, M.; Decary, M. Artificial intelligence in healthcare: An essential guide for health leaders. In Healthcare 

Management Forum; SAGE Publications: Los Angeles, CA, USA, 2020. [Google Scholar] 

2. Bajwa, J.; Munir, U.; Nori, A.; Williams, B. Artificial intelligence in healthcare: Transforming the practice of 

medicine. Futur. Healthc. J. 2021, 8, e188–e194. [Google Scholar] [CrossRef] [PubMed] 

3. Vyas M., Thakur S., Riyaz B., et al., Asian J Pharmaceutics, 2018, 12(02):72-76.  

4. Mijwel M., Research gate, 2015.  

5. Tabbarah H., Abdulghafar A., AUM, 2017.  

6. Wright C., PreScouter, 2018.  

7. Greengard S., Datamation, 2019.  

8. Ahmed H E., IJSEAS, 2018, 4(4):1-4.  

9. Poola I., IJARnD, 2017, 2(10).  

10. Jiang F., Jiang Y., Zhi H., et al., Stroke Vasc Neurol,2017,2(4): 230–243.  

11. Jackie  Hunter.  How  artificial  intelligence  is  the  future  of pharma 

https://www.drugtargetreview.com/article/15400/artificial-intelligence-drug-discovery (Accessed on November 23, 

2019).  

12. Manikiran SS, Prasanthi NL. Artificial Intelligence Milestones and role in Pharma and Healthcare Sector Pharma Times 

2019 Jan, 51(1) 9-15.  

13. Kalis B, Collier M, Fu R. 10 Promising AI Applications in Health Care (2018 May 10) https://hbr.org/2018/05/10-

promising-ai-applications-in-health-care (Accessed on November 23, 2019).  

Disease Identification

• Berg, a US 
biopharma 
company, uses AI 
for research in 
oncology, 
endocrinology, and 
neurology, focusing 
on diagnostics and 
therapeutics.

• Their unique AI-
based Interrogative 
Biology platform 
combines patient 
biology with AI 
analytics to identify 
differences between 
healthy and disease 
environments.

Radiology and 
Radiotherapy

• AI is expected to 
have a significant 
impact in this area 
in the future.

• Presently, Google's 
DeepMind Health is 
crafting machine 
learning algorithms 
to differentiate 
between healthy and 
cancerous tissues.

• The goal is to 
improve the 
precision of 
radiotherapy 
planning while 
minimizing damage 
to at-risk healthy 
organs.

Clinical Trial 
Research 

• Advanced 
predictive analytics 
can analyze genetic 
information to 
identify the 
appropriate patient 
population for a 
clinical trial.

• Artificial 
Intelligence can 
optimize sample 
sizes for enhanced 
efficiency and 
minimize data 
errors, including the 
elimination of 
duplicate entries.

Drug  Discovery

• A study from the 
Massachusetts 
Institute of 
Technology (MIT) 
indicates that only 
13.8% of drugs 
successfully pass 
clinical trials. 
Moreover, the cost 
for a company to 
complete the entire 
clinical trials 
process and obtain 
FDA approval 
ranges from $161 
million to $2 billion.

http://www.ijrti.org/
https://scholar.google.com/scholar_lookup?title=Artificial+intelligence+in+healthcare:+An+essential+guide+for+health+leaders&author=Chen,+M.&author=Decary,+M.&publication_year=2020
https://scholar.google.com/scholar_lookup?title=Artificial+intelligence+in+healthcare:+Transforming+the+practice+of+medicine&author=Bajwa,+J.&author=Munir,+U.&author=Nori,+A.&author=Williams,+B.&publication_year=2021&journal=Futur.+Healthc.+J.&volume=8&pages=e188%E2%80%93e194&doi=10.7861/fhj.2021-0095&pmid=34286183
https://doi.org/10.7861/fhj.2021-0095
http://www.ncbi.nlm.nih.gov/pubmed/34286183
https://www.researchgate.net/publication/327177266_Artificial_Intelligence_The_Beginning_of_a_New_Era_in_Pharmacy_Profession
https://www.researchgate.net/publication/327177266_Artificial_Intelligence_The_Beginning_of_a_New_Era_in_Pharmacy_Profession
https://www.researchgate.net/publication/327177266_Artificial_Intelligence_The_Beginning_of_a_New_Era_in_Pharmacy_Profession
https://www.researchgate.net/publication/327177266_Artificial_Intelligence_The_Beginning_of_a_New_Era_in_Pharmacy_Profession
https://www.researchgate.net/publication/327177266_Artificial_Intelligence_The_Beginning_of_a_New_Era_in_Pharmacy_Profession
https://www.researchgate.net/publication/327177266_Artificial_Intelligence_The_Beginning_of_a_New_Era_in_Pharmacy_Profession
https://www.researchgate.net/publication/327177266_Artificial_Intelligence_The_Beginning_of_a_New_Era_in_Pharmacy_Profession


                                © 2023 IJRTI | Volume 8, Issue 12 | ISSN: 2456-3315 

 

 
 

IJRTI2312014 International Journal for Research Trends and Innovation (www.ijrti.org) 99 

 

14. Fleming N. How artificial intelligence is changing drug discovery. Nature 2018;557(7706): S55-S57.  

15. Topol EJ. High-performance medicine the convergence of human and artificial intelligence. Nat Med. 2019 Jan 7;25(1):44-

56.  

16. Lavecchia A. Machine-learning approaches in drug discovery: methods and applications. Drug Discov Today. 2019 

Feb;24(2):668-677.  

17. Hodos RA, Kidd BA. Shameer K, Readhead BP, Dudley JT. In silico methods for drug repurposing and pharmacology. 

Wiley Interdiscip Rev Syst Biol Med. 2016 Jan-Feb;8(1):186-210.  

18. Ching T, Himmelstein DS, Beaulieu-Jones BK, Kalinin AA, Do BT, Way GP, Ferrero E, Agapow PM, Zietz M, Hoffman 

MM, Xie W, Rosen GL, Lengerich BJ, Israeli J, Lanchantin J, Woloszynek S, Carpenter AE, Shrikumar A, Xu J, Cofer 

EM, Lavender CA, Turaga SC, Alexandari AM, Lu Z, Harris DJ, DeCaprio D, Qi Y, Kundaje A, Peng Y, Wiley LK, Segler 

MH, Boca SM, Swamidass SJ, Huang A, Gitter A, Greene CS. Opportunities and obstacles for deep learning in biology 

and medicine. J R Soc Interface. 2018 Apr;15(141):20170387.  

19. "Artificial Intelligence in Drug Development: Present Status and Future Prospects," by  

 Ramachandran Murugesan et al., Drug Discovery Today, Volume 24, Issue 3, March  2019, Pages 773-780. DOI: 

10.1016/j.drudis.2019.01.015  

20. "Applications of Artificial Intelligence in Drug Discovery," by Lihua Wang et al., Expert Opinion on Drug  Discovery, 

Volume  13,  Issue  11,  November 2018,  Pages  1157-1168.  DOI: 10.1080/17460441.2018.1530660  

21. "Artificial Intelligence in Pharma and Biotech: Insights and Applications," by Michele D'Onofrio and Piergiorgio La Rosa, 

Frontiers in Pharmacology, Volume 11, 2020. DOI:  

                     10.3389/fphar.2020.00431  

22. "Artificial Intelligence and Machine Learning in Drug Development: Opportunities and Challenges," by Cheng Chang and 

Shuxin Li, Drug Discovery Today, Volume 24, Issue 10, October 2019, Pages 2183-2190. DOI: 

10.1016/j.drudis.2019.07.014  

23. "Artificial Intelligence in Drug Discovery: Recent Advances and Future Prospects," by Yang Liu et al., Expert Opinion on 

Drug Discovery, Volume 15, Issue 6, June 2020, Pages 631-643. DOI: 10.1080/17460441.2020.1742267  

24. https://aiengineering.coulmbia.edu.aivsmachine-learning/ 

25. https://pharmanewintel.com/news/ai-in-the-pharma-industry-current-uses-best-cases-digital-future/ 

26. https://www.pharmamirror.com/pharmaceutical-articales/benefits-ai-artificial-intelligence-pharmaceutical-industry/ 

27. https://roboticsbiz.com/challenges-to-the-adoption-of-artificial-intelligence-ai-in-pharma/ 

28. Merk, D. et al. (2018) De novo design of bioactive small molecules by artificial intelligence. Mol. Inform. 37, 1700153 

29. Swan, A.L. et al. (2015) A machine learning heuristic to identify biologically relevant and minimal biomarker panels from 

omics data. BMC Genomics 16 (Suppl. 1), 2 

30. Krittanawong, C. (2018) The rise of artificial intelligence and the uncertain future for physicians. Eur. J. Intern. Med. 48, 

e13–e14 

31. Powles, J. and Hodson, H. (2017) Google DeepMind and healthcare in an age of algorithms. Health Technol. 7, 351–367 

32. Lee, E.-J. et al. (2017) Deep into the brain: artificial intelligence in stroke imaging. J. Stroke 19, 277–285 

33. Haghi, M. et al. (2017) Wearable devices in medical internet of things: scientific research and commercially available 

devices. Healthc. Inform. Res. 23, 4–15 

34. Curioni-Fontecedro, A. (2017) A new era of oncology through artificial intelligence. ESMO Open 2, e000198 

35. Lexchin, J. (2012) Models for financing the regulation of pharmaceutical promotion. Global Health 8, 24 

36. Martin, L. et al. (2017) How much do clinical trials cost? Nat. Rev. Drug Discov. 16, 381–382 

37. Melanie M. An introduction to genetic algorithms.” A bradford book the MIT press Cambridg, Massachusetts. London, 

England, 1999, Fifth printing.  

38. Hayes C., Gedeon T., Hyperbolicity of the fixed-point set for the simple genetic Algorithm. Theorical Computer Science, 

2010; 411:24-29. 

39. Chakraborty RC., “Fundamental of Genetics algorithms”, AI Course 2010, lecture 39-40 

40. Goldberg D., Genetic algorithms in search, optimization & machine learning, Addison Wesley, 1989 

41. Man K.F, Tang K.S, Kwong S., Genetic algorithms: Concepts & design chapter 1-10. 

42. https://www.healthcarebusinesstoday.com/ai-in-pharma-revolutionizing-the-pharmaceutical-industry/ 

43. H. Shao, X. He, L. Zhang, et al. Efficacy of ligustrazine injection as adjunctive therapy in treating acute cerebral 

infarction: a systematic review and meta-analysis Front Pharmacol, 12 (2021), 

Article 761722, 10.3389/fphar.2021.761722 

44. O. Khan, A.K. Yadav, M.E. Khan, M. Parvez Characterization of bioethanol obtained from Eichhornia Crassipes plant; its 

emission and performance analysis on CI engine Energy Sources, Part A Recovery, Util Environ Eff, 43 (2019), pp. 1-11 

45. O. Khan, M.Z. Khan, N. Ahmad, A. Qamer, M.T. Alam, A.H. Siddiqui Performance and emission analysis on palm oil 

derived biodiesel coupled with Aluminium oxide nanoparticles Mater Today Proc, 46 (2019) 

http://www.ijrti.org/
https://aiengineering.coulmbia.edu.aivsmachine-learning/
https://pharmanewintel.com/news/ai-in-the-pharma-industry-current-uses-best-cases-digital-future/
https://www.pharmamirror.com/pharmaceutical-articales/benefits-ai-artificial-intelligence-pharmaceutical-industry/
https://roboticsbiz.com/challenges-to-the-adoption-of-artificial-intelligence-ai-in-pharma/
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0325
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0330
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0335
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0340
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0345
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0350
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0355
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
http://refhub.elsevier.com/S1359-6446(18)30091-6/sbref0360
https://www.healthcarebusinesstoday.com/ai-in-pharma-revolutionizing-the-pharmaceutical-industry/
https://doi.org/10.3389/fphar.2021.761722

