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Review Article
Artificial Intelligence in Pharmaceuticals: Exploring 
Applications and Legal Challenges

Background and Objectives: The pharmaceutical sciences have the potential to benefit significantly 
from the advancements in artificial intelligence (AI). One of the primary areas where AI can prove 
invaluable is the discovery and development of new drugs. Compared to traditional methods, with 
the help of AI algorithms, vast amounts of data can be analyzed more efficiently, leading to the rapid 
identification of potential drug candidates. AI has the potential to expedite the drug discovery process, 
thereby leading to the development of new treatments for various diseases. This article delves into the 
manifold applications of AI in the pharmaceutical industry and the legal challenges that come with it.

Methods: This study conducted a thorough search on the PubMed, Scopus, and Google 
Scholar databases using the following keywords: “Artificial intelligence”, “neural network”, 
“pharmacy”, “pharmaceutical”, “drug discovery”, “legal”, and “ethical”. In addition, 
we obtained further references by cross-referencing from essential articles. This article 
comprehensively overviews how AI is applied in the pharmaceutical industry and highlights 
the critical legal and ethical challenges.

Results: AI can assist in personalized medicine by analyzing patient data and providing tailored 
treatment plans. By considering individual patient characteristics, such as genetics and medical 
history, AI algorithms can help healthcare professionals make more informed decisions about 
which treatments will most likely be effective for each patient. In addition to drug discovery 
and personalized medicine, AI can also enhance the efficiency of pharmaceutical manufacturing 
processes. AI-powered systems can monitor and optimize production lines, ensuring that quality 
standards are met while reducing the risks of errors or deviations. Additionally, AI can be an 
essential tool in pharmacovigilance through real-world data analysis, which can detect adverse 
drug reactions and other safety concerns. This approach can aid regulatory authorities and 
pharmaceutical companies identify and address potential medication risks more effectively.

Conclusion: AI application in the pharmaceutical sciences has marked potential for 
improving drug discovery, clinical trials, personalized medicine, manufacturing processes, 
and pharmacovigilance. By using the power of AI, the industry can boost efficiency, cut costs, 
and ultimately deliver better healthcare outcomes for patients.
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Introduction

he pharmaceutical industry has trans-
formed significantly thanks to advanced 
technologies like artificial intelligence 
(AI). AI has streamlined drug discovery 
and development, making it more efficient 
and cost-effective. As the demand for inno-

vative drugs increases, AI has become a game-changer. 

AI is a branch of computer science that creates ma-
chines that mimic human intelligence and carry out tasks 
that typically require human-like intelligence. These 
tasks include problem-solving, learning, and decision-
making. In the pharmaceutical industry, AI analyzes vast 
amounts of data, detects patterns, and predicts outcomes 
based on the information. This results in faster and more 
accurate results [1].

AI has become essential in pharmaceutical science, 
particularly drug discovery. The traditional drug discov-
ery process is time-consuming and expensive; however, 
AI has revolutionized this process by creating intelli-
gent machines that can perform tasks requiring human-
like intelligence. These tasks include problem-solving, 
learning, and decision-making. In the pharmaceutical 
industry, AI analyzes vast datasets, detects patterns, and 
screens millions of compounds to identify potential drug 
candidates, leading to faster and more accurate outcomes 
based on data [2]. However, AI algorithms can analyze 
vast amounts of data from various sources, including 
clinical trials, scientific literature, and genetic databases, 
to identify potential drug candidates, thus significantly 
accelerating the process [1].

AI can also optimize drug design by analyzing the 
chemical structure of compounds and predicting their 
properties. This can help identify potential modifications 
to improve their efficacy and safety, considerably reduc-
ing the time and cost associated with traditional drug de-
sign methods [3].

Moreover, AI plays a crucial role in clinical trials. Re-
cruiting patients for clinical trials can be challenging and 
time-consuming. Still, AI algorithms can identify po-
tential patients based on their medical history and other 
criteria, making the recruitment process faster and more 
efficient [1, 4].

AI can also analyze large datasets from clinical trials, 
identify patterns, and predict outcomes. This helps re-
searchers to identify potential safety issues and optimize 
dosing regimens, leading to better patient outcomes [5].

Apart from drug discovery and development, AI is 
also used in other areas of pharmaceutical science. For 
example, AI algorithms can optimize drug manufactur-
ing processes, reducing costs and improving efficiency. 
Additionally, AI can monitor drug safety post-approval, 
identifying potential adverse events and improving pa-
tient outcomes [1, 2].

Nevertheless, some challenges need to be addressed to 
benefit from AI in pharmaceutical science. For instance, 
the quality of data used is crucial for accurate predictions. 
Also, regulatory oversight is necessary to ensure that AI 
algorithms are safe and effective. Regulatory bodies, 
such as the Food and Drug Administration (FDA), are 
already working to develop guidelines for using AI in 
pharmaceutical science [4].

The role of artificial intelligence in the pharma-
ceutical industry

Drug discovery

The impact of AI has been observed across various in-
dustries, including the pharmaceutical industry. In recent 
years, AI has gained momentum in the pharmaceutical 
industry and holds the potential to transform the drug de-
velopment, testing, and marketing process [6].

Drug discovery is one of the pharmaceutical industry’s 
most significant applications of AI. Discovering a new 
drug can take years and cost billions of dollars. AI can 
help streamline this process by analyzing vast amounts 
of data and predicting which compounds will likely be 
effective. This can help researchers narrow their focus 
and identify potential drug candidates more quickly [7, 
8].

AI has revolutionized numerous industries, and drug 
discovery is no exception. In recent years, it has emerged 
as a powerful tool in the search for new drugs. By com-
bining advanced algorithms, machine learning, and ex-
tensive data analysis, AI can accelerate the drug discov-
ery process, reduce costs, and improve the success rate 
of new drug development [8].

One of the critical challenges in drug discovery is 
identifying potential drug candidates from vast libraries 
of chemical compounds. This process has traditionally 
been time-consuming and costly, often taking years and 
requiring significant financial resources; however, AI 
can analyze large datasets of chemical structures and 
predict their properties, enabling researchers to identify 
promising drug candidates quickly. By leveraging ma-
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chine learning algorithms [8], AI can learn from existing 
data and make accurate predictions about the efficacy 
and safety of new compounds. This speeds up the drug 
discovery process and reduces the number of failed ex-
periments, saving time and money [6, 7].

AI can also significantly contribute to drug discovery 
by identifying new drug targets. AI algorithms can ana-
lyze vast amounts of biological data, such as genomic 
and proteomic data, to identify potential targets for drug 
intervention [7]. By understanding the underlying mo-
lecular mechanisms of diseases, AI can help researchers 
identify novel targets that were previously unknown or 
overlooked. This opens up new avenues for drug devel-
opment and allows researchers to explore innovative 
therapeutic approaches [9].

In addition to target identification, AI can aid in op-
timizing drug candidates. Once potential drug com-
pounds have been identified, AI algorithms can predict 
their pharmacokinetic properties, such as absorption, 
distribution, metabolism, and excretion [9]. This infor-
mation is crucial in determining whether a drug candi-
date is suitable for further development. By predicting 
absorption, distribution, metabolism, and excretion 
properties early in the drug discovery process, research-
ers can prioritize compounds with a higher likelihood 
of success and reduce the number of costly and time-
consuming experiments [6].

Furthermore, AI can play a role in the design of clini-
cal trials. AI algorithms can analyze patient and histori-
cal trial data to help optimize trial design and selection 
criteria. This can lead to more efficient and effective 
clinical trials, ultimately accelerating the development 
of new drugs. Additionally, AI can assist in analyzing 
trial data, enabling researchers to uncover hidden pat-
terns and correlations that may have been missed us-
ing traditional statistical methods [10]. This can provide 
valuable insights into drug efficacy and safety, helping 
researchers make more informed decisions about drug 
development [5].

While AI holds great promise in drug discovery, it is 
essential to acknowledge its limitations. AI algorithms 
are only as good as the data they are trained on, and 
biases or errors in the training data can lead to inac-
curate predictions [4]. Additionally, the complexity of 
biological systems poses a challenge for AI algorithms, 
as they often need help to capture the full complexity 
of molecular interactions. Therefore, researchers must 
validate and interpret the results generated by AI algo-
rithms carefully [11].

Clinical trials

In recent years, the healthcare industry has been un-
dergoing a revolution due to AI. Clinical trials are one 
of the areas where AI can have a significant impact. 
These trials are vital for testing the safety and effective-
ness of new drugs and treatments. However, conducting 
clinical trials can be inefficient, expensive, and time-
consuming. Below are some ways in which AI can help 
in clinical trials.

Patient recruitment

One of the most significant challenges in clinical tri-
als is patient recruitment. Identifying suitable patients 
who meet specific criteria for a problem can be difficult. 
AI-powered tools can help identify potential patients by 
analyzing electronic health records, social media, and 
other data sources. This can significantly reduce the time 
and cost involved in patient recruitment [12].

Protocol design

AI can also help in designing clinical trial protocols. AI 
algorithms can identify the most effective study designs 
and endpoints by analyzing data from previous trials. 
This can help researchers develop more efficient and ef-
fective practices that produce better results [13].

Predictive analytics

AI algorithms can analyze data from clinical trials to 
identify patterns and predict outcomes. This can help re-
searchers decide which treatments to pursue and which 
to abandon. Predictive analytics can also help identify 
potential safety issues before they become significant 
problems [14].

Drug development

AI can play a significant role in drug development. By 
analyzing large amounts of data, AI algorithms can iden-
tify potential drug targets and predict their efficacy. This 
can help researchers develop new drugs faster and more 
efficiently [12, 13, 15].

Real-time monitoring

Real-time monitoring during clinical trials using AI-
powered tools can help researchers identify potential 
safety issues early on and take appropriate action. It can 
also help researchers adjust treatment protocols based on 
patient responses [15].
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Data analysis

AI algorithms can analyze vast amounts of data from 
clinical trials to identify patterns and trends. This can 
help researchers gain new insights into disease mecha-
nisms and treatment efficacy. Data analysis can also help 
identify subgroups of patients who may respond better to 
specific treatments [16].

Regulatory compliance

AI-powered tools can ensure regulatory compliance 
during clinical trials by automating data collection and 
reporting tasks. This can reduce the risk of errors and 
ensure that practices meet regulatory requirements [13].

The potential of AI is immense in revolutionizing clini-
cal trials, making them more efficient, cost-effective, 
and accurate. AI can help researchers design better tests, 
recruit patients more effectively, and develop new treat-
ments faster. As AI technology advances, we can expect 
to see even more significant progress in clinical trial re-
search in the future [6, 8].

Staying compliant with evolving regulations and 
guidelines is crucial for organizations in today’s rapidly 
changing regulatory landscape. AI can help ensure on-
going compliance by keeping up with these changes. 
Meanwhile, AI can process and analyze large amounts 
of data, making it an efficient tool to monitor regula-
tory updates continuously. By doing so, AI systems can 
identify changes in regulations and guidelines that may 
impact an organization’s compliance requirements. This 
allows organizations to stay ahead of the curve and make 
necessary adjustments to their processes and procedures, 
thereby ensuring regulatory compliance [17].

AI offers an efficient way to automate compliance 
tasks. By utilizing machine learning algorithms, AI sys-
tems can learn from past compliance issues and detect 
patterns that may indicate non-compliance. This proac-
tive approach enables organizations to address potential 
compliance risks early on. 

In addition, AI-powered chatbots can provide real-time 
guidance and support to employees regarding compli-
ance requirements. These chatbots can answer questions, 
offer relevant information, and provide training materi-
als to ensure employees are well-informed and compli-
ant. 

AI technology can be instrumental in conducting audits 
and assessments. By analyzing large volumes of data, AI 

systems can identify anomalies, discrepancies, or poten-
tial compliance violations. This saves time and enhances 
the accuracy and effectiveness of audits. AI can revo-
lutionize compliance management by keeping up with 
evolving regulations and guidelines. Its ability to pro-
cess vast amounts of data, automate compliance tasks, 
provide real-time guidance, and conduct audits makes it 
an invaluable tool for organizations looking to maintain 
ongoing compliance in an ever-changing regulatory en-
vironment [18, 19].

Supply chain management

AI can potentially revolutionize supply chain manage-
ment in the pharmaceutical industry. By leveraging AI 
technologies, pharmaceutical companies can improve 
efficiency, reduce costs, and ensure the availability of 
critical drugs. With its ability to analyze vast amounts 
of data and make real-time predictions, AI can help opti-
mize various aspects of the supply chain, from inventory 
management to demand forecasting [20].

One area where AI can have a significant impact is 
inventory management. Traditionally, pharmaceutical 
companies have struggled with maintaining an optimal 
balance between overstocking and stockouts. More 
overstocking is needed to tie up capital and lead to wast-
age, while stockouts can result in lost sales and customer 
dissatisfaction. AI-powered inventory management sys-
tems can analyze historical data, current demand pat-
terns, and other relevant factors to predict future demand 
accurately. This enables companies to optimize their in-
ventory levels and reduce the risk of stockouts or over-
stocking [21].

Inventory management based on AI has the potential 
to revolutionize supply chain management; however, 
some challenges and limitations come with it. One of the 
primary challenges is the requirement for real-time data. 
AI algorithms need constant and accurate data to make 
informed decisions and optimize inventory levels. With-
out real-time data, AI-based inventory management may 
fail to respond quickly to changes in demand or supply, 
leading to stockouts or overstocking [22].

Another potential challenge is the risk of disruptions. 
AI-based inventory management relies heavily on tech-
nology and automation, which can be vulnerable to 
disorders like power outages or cyber-attacks. These 
disruptions can cause delays and inaccuracies in data 
collection and processing, leading to suboptimal inven-
tory decisions [23].
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Furthermore, there may be limitations in the ability of 
AI algorithms to account for complex human factors, 
such as consumer behavior and market trends. While AI 
can analyze vast amounts of data, it may struggle to in-
terpret the nuances of human decision-making [24].

AI can also enhance supply chain visibility by provid-
ing real-time insights into the movement of drugs and 
other pharmaceutical products. By integrating AI with 
the Internet of Things devices, companies can track ship-
ments in real time, monitor temperature and humidity 
conditions, and identify potential bottlenecks or delays. 
This level of visibility allows for proactive decision-
making, such as rerouting shipments or adjusting pro-
duction schedules to meet the demand [11, 25].

Another area where AI can make a significant impact 
is in demand forecasting. Accurate demand forecasting 
is crucial for pharmaceutical companies to ensure drug 
availability when and where needed [26]. AI algorithms 
can analyze various data sources, such as sales data, so-
cial media trends, weather patterns, and demographic 
information, to generate accurate demand forecasts. This 
enables companies to plan their production and distri-
bution activities more effectively, reducing the risk of 
stockouts or excess inventory [27].

Furthermore, AI can help streamline the regulatory 
compliance process in the pharmaceutical industry. 
Compliance with various regulations and standards is es-
sential to ensure product quality and patient safety; how-
ever, navigating the complex regulatory landscape can 
be time-consuming and resource-intensive. AI-powered 
systems can automate compliance checks by analyzing 
relevant regulations, guidelines, and product specifica-
tions. This saves time and reduces the risk of human er-
ror [26, 27].

In addition to improving efficiency and reducing costs, 
AI can enhance patient safety in the pharmaceutical sup-
ply chain. Counterfeit drugs pose a significant threat to 
public health, and it is estimated that they account for 
a substantial portion of global drug sales. AI technolo-
gies, such as blockchain, can help authenticate pharma-
ceutical products by creating a tamper-proof record of 
their journey through the supply chain. By ensuring the 
authenticity of drugs, AI can help protect patients from 
counterfeit or substandard medications [6, 28].

While the potential benefits of AI in supply chain 
management are clear, some challenges need to be ad-
dressed. One of the critical challenges is data quality. AI 
algorithms rely on accurate and reliable data to generate 

meaningful insights; however, data in the pharmaceuti-
cal industry can be fragmented, incomplete, or incon-
sistent. Companies need to invest in data management 
systems and processes to ensure the quality and integrity 
of their data [28].

Another challenge is the integration of AI technologies 
with existing systems and processes. Many pharmaceuti-
cal companies have legacy systems not designed to work 
with AI. Integrating AI technologies into these systems 
requires careful planning and coordination to ensure a 
smooth transition [29].

Furthermore, ethical considerations need to be consid-
ered when using AI in the pharmaceutical supply chain. 
For example, AI algorithms for demand forecasting or 
pricing decisions may raise concerns about fairness and 
equity. Companies must be transparent about how AI 
technologies are used and ensure they do not discrimi-
nate against specific patient populations or healthcare 
providers [25].

The pharmaceutical industry can benefit significantly 
from AI technology regarding supply chain manage-
ment. By utilizing AI, companies can optimize inven-
tory levels, improve supply chain visibility, accurately 
forecast demand, ensure regulatory compliance, and 
enhance patient safety; however, successfully imple-
menting AI requires addressing challenges, such as data 
quality, ethical considerations, and system integration 
[4]. With careful planning and investment, AI can help 
pharmaceutical companies achieve operational excel-
lence and efficiently deliver critical drugs to patients. 
Despite the potential benefits of AI, challenges must be 
addressed, such as ensuring the accuracy and reliability 
of AI algorithms. It is crucial to use quality data for train-
ing algorithms to achieve this, as biased data can lead to 
inaccurate predictions or decisions [30].

Ethics and responsibility

Ensuring ethical and responsible use of AI is crucial in 
the healthcare industry. As shown in Table 1, there are 
some ethical and legal concerns about AI use in the phar-
maceutical industry. There are concerns that AI could lead 
to biased decisions, negatively impacting specific patient 
populations. Although AI has made significant strides 
in diagnosing diseases and predicting patient outcomes, 
there are still concerns about its ethical use [31, 32].
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Table 1. Ethical and legal challenges of artificial intelligence in pharmaceutical

Legal and Ethical Considerations of Artificial Intelligence in the Pharmaceutical Industry

1 Bias 

2 Judgment 

3 Transparency and explainability

4 Data protection

5 Displacement of workers

6 Data privacy and security

7 Liability and accountability

One of the biggest challenges is to ensure that AI is 
used in a fair and unbiased way. AI algorithms could 
be biased against specific patient populations, leading 
to inaccurate diagnoses and treatments. To address this, 
healthcare providers must train their AI algorithms on di-
verse datasets representing various patient populations. 
Regular testing of algorithms for bias and taking correc-
tive measures is also necessary [32, 33].

Another challenge is to ensure that AI is transparent 
and explainable. Patients have the right to understand 
how AI algorithms are being used to make decisions 
about their care. Therefore, healthcare providers must be 
transparent about the data they use to train their algo-
rithms and the factors considered in the decision-making 
process [33].

Lastly, AI should be used to enhance patient care, not 
to replace human judgment. Healthcare providers must 
use AI ethically and responsibly while being mindful of 
potential risks, such as data breaches or privacy viola-
tions. By doing so, they can ensure that AI is used solely 
to improve patient outcomes. The healthcare industry 
needs to take steps to ensure that their AI algorithms are 
unbiased, transparent, and used to enhance patient care. 
This will help us harness the power of AI to improve 
health outcomes for all patients [34].

 AI has emerged as a powerful tool in the pharmaceuti-
cal industry, transforming how drugs are discovered, de-
veloped, and prescribed. AI algorithms can analyze vast 
amounts of data, identify patterns, and make predictions 
with remarkable accuracy. However, using AI in phar-
maceuticals raises essential legal and ethical consider-
ations. Next, we will explore the role of laws in ensuring 
the responsible and ethical use of AI in the pharmaceuti-
cal industry [32, 34].

Regulatory landscape

The use of AI in pharmaceuticals is a topic that is still 
in development. Presently, there are no specific laws or 
regulations in place that govern the use of AI in this field. 
However, current rules and restrictions may apply to cer-
tain aspects of AI use in pharmaceuticals. For instance, 
data protection laws may regulate patient data collection, 
use, and sharing for AI analysis. Intellectual property 
laws may also safeguard AI algorithms and models that 
pharmaceutical companies develop. Additionally, the 
drug approval process may need to be modified to ac-
commodate AI-driven drug discovery and development 
[15, 34, 35].

Regarding ethical considerations, the use of AI in the 
pharmaceutical industry raises several concerns. Trans-
parency and explainability are among the most signifi-
cant issues. AI algorithms can be complex and difficult 
to understand, making comprehending how they arrive 
at their conclusions challenging. This lack of transpar-
ency can raise questions about the fairness and account-
ability of decisions made by AI algorithms. To address 
this issue, pharmaceutical companies may be required 
by law to provide justifications or explanations for deci-
sions made by AI algorithms [36].

Another ethical consideration is the potential impact of 
AI on jobs. The widespread use of AI in the pharmaceu-
tical industry could result in the automation of specific 
tasks. This may lead to the displacement of workers and 
the need for retraining to adapt to changing job require-
ments. Companies that use AI in their operations must 
be mindful of these potential effects and take steps to 
mitigate them [37, 38].
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Ethical considerations

The use of AI in the pharmaceutical industry brings 
up several ethical considerations. Transparency and ex-
plainability are among the significant concerns. AI algo-
rithms can be intricate and opaque, making comprehend-
ing how they arrive at their conclusions challenging. 
This lack of transparency can raise questions about the 
fairness and accountability of decisions made by AI al-
gorithms. To address this issue, laws may require phar-
maceutical companies to provide justifications or expla-
nations for decisions made by AI algorithms [38, 39].

Another ethical consideration is the potential for bias 
in AI algorithms. If the data used to train AI algorithms 
is biased or incomplete, the algorithms may perpetuate 
or amplify existing biases in healthcare. For instance, 
if a drug discovery algorithm is trained on a dataset 
that mainly includes data from a specific demograph-
ic group, it may be less effective or harmful for other 
groups. Laws may require pharmaceutical companies to 
ensure that their AI algorithms are trained on diverse and 
representative datasets to reduce bias [39].

Safety and efficacy

Ensuring the safety and efficacy of pharmaceuticals 
powered by artificial intelligence is a crucial concern. AI 
algorithms have the potential to generate new drug can-
didates and predict patient responses to existing drugs. 
However, these predictions must undergo rigorous test-
ing and clinical trials to validate their accuracy. In addi-
tion, pharmaceutical companies may be required by law 
to demonstrate the safety and efficacy of AI-driven treat-
ments before they are approved for use [40, 41].

Data privacy and security

Collecting, storing, and analyzing large amounts of pa-
tient data with the help of AI is a common practice in 
the pharmaceutical industry. However, protecting patient 
privacy and data security is of utmost importance. The 
General Data Protection Regulation in Europe has set 
guidelines for safeguarding personal data, which every 
pharmaceutical company must comply with. These com-
panies must implement robust data protection measures 
to prevent unauthorized access or use of patient data [41].

Liability and accountability

The use of AI algorithms in pharmaceuticals can pres-
ent challenges when trying to determine liability and 
accountability. If an AI algorithm makes a decision that 

ultimately harms a patient, who should be held respon-
sible? Should it be the pharmaceutical company that cre-
ated the algorithm, the healthcare provider that relied on 
the algorithm’s recommendation, or the algorithm itself? 
To address these concerns, laws may need to clarify the 
legal framework for assigning liability and ensuring ac-
countability in such cases [4].

The use of AI has the potential to significantly improve 
drug discovery, development, and patient care in the 
pharmaceutical industry; however, it is essential to ad-
dress the legal and ethical challenges it presents. Laws 
provide a framework for AI’s responsible and ethical 
use in this industry. By ensuring transparency, mitigat-
ing bias, ensuring safety and efficacy, protecting data 
privacy and security, and establishing liability and ac-
countability, laws can help harness the full potential of 
AI while safeguarding the interests of patients and soci-
ety as a whole [42].

Conclusion

The pharmaceutical industry stands to benefit signifi-
cantly from the potential of AI. AI can improve drug dis-
covery, clinical trials, personalized medicine, drug repur-
posing, manufacturing, and supply chain management. 
Researchers and pharmaceutical companies can make in-
formed decisions, reduce costs, and improve patient out-
comes by analyzing vast amounts of data using AI algo-
rithms. However, it is crucial to address challenges such 
as data quality, ethics, and collaboration to harness AI’s 
benefits fully in the pharmaceutical industry. Continued 
research and development will undoubtedly enable AI to 
play a significant role in shaping the future of healthcare. 
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