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Abstract

Pharmacovigilance is the science and activities related to the detection, assessment,
understanding, and prevention of adverse effects or any other drug-related problems. The
advancement of digital technologies, particularly Big Data and Artificial Intelligence (Al),
has introduced new opportunities to enhance pharmacovigilance activities. This paper
examines the role of Big Data and Al in improving drug safety by enabling more efficient
and accurate detection of adverse drug reactions (ADRs), predictive modeling, and real-time
monitoring. The integration of these technologies into pharmacovigilance systems has the
potential to revolutionize the way drug safety is managed, enhancing both the safety of
patients and the efficiency of regulatory agencies. The paper also addresses challenges such
as data privacy concerns, the need for standardization, and the ethical implications of using

Al in pharmacovigilance.

Keywords: Pharmacovigilance, Big Data, Artificial Intelligence, Drug Safety, Adverse Drug
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1. Introduction

Pharmacovigilance is crucial in ensuring the safety of pharmaceutical products throughout
their  lifecycle, from development to post-market surveillance. Traditionally,
pharmacovigilance has relied on spontaneous reporting systems, where healthcare
professionals and patients report adverse drug reactions (ADRS) to regulatory bodies like the
U.S. FDA or the European Medicines Agency (EMA). While this system has provided
essential data, it has limitations, such as underreporting, delayed data collection, and a lack of
predictive capabilities. The digital age, characterized by the exponential growth of data and
advancements in artificial intelligence (Al), offers significant opportunities for enhancing

pharmacovigilance practices. Big Data and Al have the potential to improve drug safety by
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enabling real-time monitoring, early detection of ADRs, and predictive modeling to assess

risks before they become widespread.

This paper explores how Big Data and Al can be used to advance pharmacovigilance and
improve drug safety. It also highlights the challenges and ethical considerations associated

with integrating these technologies into existing pharmacovigilance systems.

2. The Role of Big Data in Pharmacovigilance

Big Data refers to the massive volume of structured and unstructured data generated from
various sources, including electronic health records (EHRs), social media, clinical trials, and
pharmaceutical databases (Salah et al., 2020). In pharmacovigilance, Big Data is invaluable
because it can provide a comprehensive, real-time overview of drug safety across vast
populations, far beyond the reach of traditional reporting systems. Big Data plays a
transformative role in pharmacovigilance, enhancing the ability to monitor drug safety on a
much larger and more real-time scale than traditional methods. Pharmacovigilance, which
focuses on the detection, assessment, understanding, and prevention of adverse drug reactions
(ADRs), can be significantly enhanced with the integration of Big Data technologies. These
technologies enable the analysis of vast amounts of data from various sources, leading to
better detection of ADRS, more accurate risk assessments, and faster responses to emerging

safety concerns.

2.1 Data Sources in Pharmacovigilance

The core of Big Data's value in pharmacovigilance is its ability to aggregate and analyze data
from diverse and numerous sources. Some of the primary sources of Big Data in this context

include:

. Electronic Health Records (EHRs): EHRs are digital versions of patients' medical
histories, containing valuable data on prescribed medications, diagnoses, lab results, and
outcomes. These records provide detailed, patient-specific information that can be used to
track ADRs in real-time. The vast number of EHRs collected across healthcare systems
provides a comprehensive view of how drugs perform across diverse populations. By
analyzing EHR data, researchers can identify patterns of ADRs associated with certain

drugs and patient characteristics, enabling more accurate assessments of drug safety.
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Social Media and Patient Forums: A growing source of pharmacovigilance data is

unstructured data from social media platforms and online patient forums. Patients and
healthcare professionals often share experiences and concerns related to drug side effects
on platforms like Twitter, Facebook, and dedicated forums. Social media mining allows
the extraction of real-time ADR reports, which may not be captured through formal
reporting channels. This unfiltered and rapid data flow allows pharmacovigilance systems
to detect adverse events more quickly and monitor drug safety in near real-time (Van et
al., 2019).

Clinical Trial Data: While clinical trials provide critical data on drug safety before a
product is approved for market use, they are often limited by the size of the population
and the controlled environments in which they take place. Big Data from post-market
surveillance, including long-term real-world use, expands the information available
beyond clinical trials, providing insights into ADRs that might not have been observed
during the trials (Zhou et al., 2021).

Pharmacovigilance Databases: Regulatory bodies such as the U.S. FDA’s Adverse
Event Reporting System (FAERS) and the European Medicines Agency’s EudraVigilance
collect large volumes of ADR reports submitted by healthcare providers, patients, and
manufacturers. By analyzing these databases, researchers can identify trends and assess

the safety profiles of medications post-market.

Wearable Health Devices: Devices like fitness trackers and smartwatches that monitor
users' health metrics (e.g., heart rate, sleep patterns, activity levels) provide additional
layers of data that can be used to detect ADRs in real-time. For example, a patient
experiencing an ADR may show abnormal health indicators, such as a sudden increase in

heart rate or blood pressure, which can be tracked using wearable devices.

2.2 Benefits of Big Data in Pharmacovigilance

Real-time Monitoring: Traditional pharmacovigilance systems rely on the voluntary
reporting of ADRs by healthcare professionals or patients, often leading to delays in
identifying safety issues. Big Data enables continuous, real-time monitoring of drug

safety by analyzing the flow of data from multiple sources simultaneously. This allows
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for the immediate detection of ADRs and the identification of potential safety issues as

they arise.

Signal Detection: Signal detection is the process of identifying potential safety issues or
ADRs from large datasets. Big Data analytics allows for more sophisticated and sensitive
signal detection methods. Machine learning algorithms, for example, can sift through
large quantities of structured and unstructured data to identify patterns that might not be
evident through traditional statistical methods (Thomson et al., 2020). By incorporating
data from diverse sources, such as EHRs, clinical trials, and social media, Big Data
techniques improve the sensitivity of signal detection, making it more likely to identify

previously unknown risks.

Improved Risk Assessment: Big Data analytics provides a more accurate risk profile for
drugs by integrating data from multiple sources. For example, combining EHR data with
social media reports can create a more complete picture of how a drug is affecting
patients in real-world settings. This can help identify high-risk patient populations and
enable more precise risk stratification. Additionally, Big Data enables the analysis of
long-term drug use and post-market ADR reports, providing insights into rare or long-

term side effects that may not have been observed in clinical trials (Salah et al., 2020).

Predictive Modeling: Predictive modeling involves using data-driven techniques to
forecast future events. In pharmacovigilance, predictive models can be built to assess the
likelihood of ADRs occurring in certain patient populations or with specific medications.
By incorporating Big Data into these models, it is possible to predict which drugs may
pose higher risks in different demographic groups, helping healthcare providers make
more informed decisions. For instance, predictive models can take into account variables
like age, gender, genetics, and comorbidities to estimate the risk of ADRs, leading to
more personalized treatment plans and reducing the likelihood of adverse outcomes (Liu
etal., 2021).

Identification of Drug-Drug Interactions: With the wealth of data available, Big Data
techniques can also help identify potential drug-drug interactions that could lead to
ADRs. These interactions might not have been fully understood during clinical trials due

to the controlled and limited study populations. Big Data analytics can analyze real-world
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drug use, revealing previously unknown interactions and enhancing the safety of

medications.

2.3 Challenges and Considerations

While Big Data provides numerous advantages for pharmacovigilance, there are challenges to
its effective use. One of the primary concerns is the quality and consistency of data, as
different data sources may use varying formats, making it difficult to aggregate and analyze
the information effectively. Additionally, privacy concerns related to the use of patient data,
particularly with unstructured data from sources like social media, pose ethical and legal
challenges. Ensuring that data used in pharmacovigilance complies with regulations such as
GDPR (General Data Protection Regulation) is essential to maintaining trust and protecting

patient confidentiality.

Moreover, data integration is another obstacle. For Big Data to be truly effective in
pharmacovigilance, data from diverse sources must be integrated seamlessly. This requires
collaboration between healthcare providers, regulatory agencies, and pharmaceutical

companies to standardize data formats and ensure interoperability across systems.

Big Data is revolutionizing pharmacovigilance by providing new ways to monitor drug safety
and improve patient outcomes. By leveraging data from diverse sources like EHRs, social
media, clinical trials, and wearable devices, pharmacovigilance systems can detect ADRs in
real-time, predict potential risks, and provide more accurate assessments of drug safety.
However, addressing challenges such as data quality, privacy concerns, and integration will
be critical to fully realizing the potential of Big Data in enhancing drug safety monitoring. As
the field continues to evolve, the integration of Big Data in pharmacovigilance will be a vital

tool in ensuring the safety and effectiveness of pharmaceutical products.
3. Artificial Intelligence and Machine Learning in Pharmacovigilance

Al, and particularly machine learning (ML), has revolutionized the ability to analyze complex
datasets. In the context of pharmacovigilance, Al and ML algorithms can identify patterns
and correlations in large-scale data, uncovering potential ADRs more efficiently than
traditional methods. Artificial Intelligence (Al) and Machine Learning (ML) are rapidly
transforming the field of pharmacovigilance by improving the detection, analysis, and
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prevention of adverse drug reactions (ADRs). Traditional pharmacovigilance systems rely on

voluntary reporting of ADRs by healthcare professionals and patients, which can be slow,
inconsistent, and incomplete. Al and ML, on the other hand, enable the processing of vast
amounts of data from multiple sources to provide more accurate, timely, and predictive
insights into drug safety. These technologies can enhance signal detection, predict ADRs,

analyze unstructured data, and improve overall decision-making in drug safety management.

3.1 The Role of Artificial Intelligence in Pharmacovigilance

Al refers to the ability of machines to simulate human intelligence by processing and
analyzing data, learning from it, and making decisions. In pharmacovigilance, Al is used to
enhance drug safety monitoring, improve efficiency, and identify patterns that might not be

easily detected through traditional methods.

« Signal Detection:

o Signal detection is the process of identifying potential safety issues or ADRs
before they become widespread. Al enhances this process by analyzing large
datasets for hidden patterns or correlations that may not be immediately apparent.
Unlike traditional statistical methods, Al-based algorithms can detect more subtle
signals in the data by learning from historical patterns and evolving safety data
(Thomson et al., 2020).

o Machine learning algorithms, such as supervised learning, unsupervised
learning, and deep learning, can automatically identify ADR signals based on
predefined criteria and historical data. For example, an algorithm could flag a new
adverse event that has been reported more frequently for a specific drug,
indicating the possibility of an unrecognized safety risk (Tariq et al., 2020).

« Predictive Modeling:

o Al can be used to build predictive models that forecast the likelihood of ADRs
occurring based on a variety of factors, such as patient demographics, genetic
predispositions, and concurrent drug therapies. These models analyze large
amounts of historical data to identify trends and predict which patients are at
higher risk for ADRs.
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o Predictive models can help healthcare professionals make better decisions

regarding drug prescriptions, dosing, and patient monitoring. For example, Al
models might indicate that a certain drug is more likely to cause a specific adverse
effect in elderly patients or those with pre-existing conditions, enabling doctors to
take preventive measures before an ADR occurs (Liu et al., 2021).

« Real-time Monitoring:

o Al allows for real-time pharmacovigilance, where continuous data collection
from sources like electronic health records (EHRs), social media, wearable health
devices, and regulatory databases can be analyzed for emerging ADRs. This real-
time approach allows regulatory bodies, healthcare providers, and pharmaceutical
companies to detect safety issues much more quickly than traditional post-market

surveillance systems.

o By processing vast amounts of real-time data, Al systems can help flag potential
ADRs and trigger alerts to stakeholders for further investigation, allowing for

quicker response times in addressing safety concerns (Zhou et al., 2021).
« Natural Language Processing (NLP):

o A key component of Al in pharmacovigilance is Natural Language Processing
(NLP), a branch of Al that enables computers to understand and analyze human
language. In pharmacovigilance, NLP is used to process unstructured text data
from a variety of sources, such as clinical notes, social media posts, and patient

reports, to extract meaningful information related to ADRs.

o NLP techniques can be employed to scan electronic health records, scientific
literature, and online forums for mentions of drug-related adverse effects. This
helps capture ADRs that may not have been reported through formal channels,
expanding the scope of pharmacovigilance efforts (Wang et al., 2022).

. Automated Reporting and Case Processing:

o Al can also streamline the case processing of ADR reports, automating the

extraction and classification of key information from adverse event reports. This
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reduces the workload for pharmacovigilance teams and speeds up the time it takes

to process each case.

o Al-based tools can automatically identify relevant drug names, adverse event
terms, patient demographics, and clinical outcomes from unstructured reports,
significantly improving the efficiency and accuracy of case reporting (Binns et al.,
2020).

3.2 Machine Learning in Pharmacovigilance

Machine Learning (ML), a subset of Al, involves training algorithms to identify patterns and
make decisions based on data without explicit programming. In pharmacovigilance, ML
plays a crucial role in analyzing vast and complex datasets, improving signal detection, risk
assessment, and ADR prediction. Here are some key applications of ML in

pharmacovigilance:

« Supervised Learning for Signal Detection:

o Supervised learning is a type of ML where the algorithm is trained on labeled
data (i.e., data where the outcomes are known) to predict outcomes for new,
unlabeled data. In pharmacovigilance, supervised learning can be used to identify

drug safety signals by training the algorithm on historical ADR data.

o Once trained, the model can be used to classify new reports as either “signals of
concern™ or "normal events" based on patterns learned from the data. This can
help identify new ADRs that may not have been previously associated with a
drug, improving drug safety surveillance (Tariq et al., 2020).

« Unsupervised Learning for Data Clustering:

o Unsupervised learning is used when the data is not labeled, and the algorithm
must find patterns or groupings on its own. In pharmacovigilance, unsupervised
learning can help identify unknown relationships between drugs and ADRs by
clustering data based on similarities in symptoms, drug interactions, or patient

characteristics.
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o This type of ML can be particularly useful for discovering previously unknown

safety issues or for monitoring rare adverse events that do not occur frequently
enough to be identified through traditional methods (Salah et al., 2020).

« Deep Learning for Complex Data Analysis:

o Deep learning is a more advanced subset of ML that involves neural networks
with many layers (hence the term "deep"). Deep learning models are particularly
powerful for analyzing complex, unstructured data such as medical imaging, free-

text clinical notes, and social media posts.

o In pharmacovigilance, deep learning can process large volumes of text data from
diverse sources, automatically extracting ADR-related information with high
accuracy. This enables pharmacovigilance systems to capture a wider range of
ADRs and better identify trends and signals that might not be apparent in

structured data alone (Binns et al., 2020).
- Risk Stratification and Personalized Medicine:

o ML models can help identify which patients are most at risk for experiencing
ADRs based on factors like age, sex, genetic makeup, co-morbid conditions, and
other relevant health data. By incorporating these variables into risk models,
healthcare providers can make more personalized treatment decisions, ensuring

that the right drug is prescribed to the right patient.

o This personalized approach not only helps reduce the likelihood of ADRs but also
allows for tailored monitoring of high-risk patients, improving overall patient
safety (Liu et al., 2021).

3.3 Challenges and Considerations in Al and ML for Pharmacovigilance

While Al and ML offer immense potential for improving pharmacovigilance, there are

challenges that must be addressed for these technologies to be fully effective:

. Data Quality and Integration:
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o Al and ML algorithms require high-quality, standardized data to make accurate

predictions. However, data in pharmacovigilance is often incomplete,
unstructured, or inconsistent across sources. Integrating data from various
platforms (e.g., EHRs, social media, regulatory databases) poses a significant
challenge in ensuring that the algorithms have access to reliable and

comprehensive data for analysis.
. Ethical and Privacy Concerns:

o The use of Al and ML in pharmacovigilance often involves processing sensitive
patient data. Ensuring that this data is anonymized and handled in compliance
with privacy regulations like the General Data Protection Regulation (GDPR) is

critical to maintaining patient trust and avoiding legal issues.

o Furthermore, Al algorithms must be transparent and interpretable, so that
stakeholders can understand how decisions are made. This is important for ethical
reasons and to ensure that Al does not inadvertently perpetuate biases or make

unsafe recommendations.
« Model Transparency and Interpretability:

o While Al and ML algorithms can generate highly accurate predictions, they often
function as "black boxes," meaning that it is difficult to understand the decision-
making process behind their outputs. For pharmacovigilance, it is important that
Al models are interpretable so that experts can assess the validity and reliability of
their findings. This is especially important when Al recommendations may

influence drug safety decisions and regulatory actions.

Artificial Intelligence and Machine Learning have the potential to revolutionize
pharmacovigilance by enhancing drug safety monitoring and improving the detection,
prediction, and prevention of adverse drug reactions. Through real-time monitoring, signal
detection, predictive modeling, and the analysis of unstructured data, Al and ML enable more
efficient and accurate pharmacovigilance practices. However, challenges such as data quality,
privacy concerns, and algorithm transparency must be addressed to ensure that these
technologies can be fully leveraged to protect patient safety. With continued advancements in
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Al and ML, pharmacovigilance will become increasingly effective in managing the risks

associated with drug therapies.

4. Challenges and Ethical Considerations

While Big Data and Al offer substantial benefits for pharmacovigilance, their implementation
is not without challenges. While Artificial Intelligence (Al) and Big Data present
transformative opportunities for improving pharmacovigilance, they also introduce a range of
challenges and ethical concerns that must be carefully addressed. These challenges and
ethical considerations can impact the effectiveness, reliability, and public trust in Al-driven
drug safety systems. The use of these technologies in pharmacovigilance brings forth
complex issues related to data quality, privacy, transparency, bias, and accountability.
Addressing these concerns is crucial for ensuring that Al and Big Data applications are used

responsibly and ethically in the field of drug safety monitoring.

4.1 Challenges

. Data Quality and Integration

o Data Inconsistency: The primary challenge in using Al and Big Data for
pharmacovigilance is the quality and consistency of the data. Data from multiple
sources—such as Electronic Health Records (EHRS), social media, patient reports,
clinical trials, and wearable devices—can be incomplete, unstructured, or

formatted differently, making it difficult to aggregate and analyze effectively.

o Unstructured Data: Much of the data generated, especially from sources like
social media and medical literature, is unstructured (e.g., free-text posts or clinical
notes), making it harder to extract meaningful insights. While Natural Language
Processing (NLP) can help, it still faces limitations in terms of accuracy and
context understanding, which can lead to misinterpretation of important safety
signals (Liu et al., 2021).

o Data Gaps: Some adverse drug reactions (ADRs) may go underreported or
unreported, especially when patients do not report their symptoms or when

healthcare providers fail to submit reports to pharmacovigilance systems. Missing
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or incomplete data leads to inaccurate safety signals or delayed recognition of

emerging drug safety issues.
. Data Privacy and Security

o Patient Data Privacy: A significant concern with Big Data in pharmacovigilance
is the privacy of patient information. Al systems often rely on large datasets
containing sensitive personal health information, which must be anonymized and
protected to comply with privacy regulations (e.g., the Health Insurance
Portability and Accountability Act (HIPAA) in the U.S. and General Data
Protection Regulation (GDPR) in the European Union).

o Data Breaches: The collection and storage of vast amounts of health-related data
create potential risks for cyberattacks or data breaches. Ensuring that
pharmacovigilance systems are robust enough to withstand security threats is vital
to protect patient confidentiality and maintain public trust in these systems.

« Algorithm Bias and Fairness

o Bias in Training Data: Al and machine learning algorithms are trained on
existing data, and if this data contains biases (e.g., underrepresentation of certain
demographics), the algorithms may perpetuate or even exacerbate these biases.
For instance, an Al model trained predominantly on data from one population may
be less effective at identifying ADRs in underrepresented groups, such as racial

minorities or elderly patients (Vayena et al., 2020).

o Bias in Signal Detection: Bias can also occur in signal detection processes. If the
data fed into an Al model is skewed (e.g., certain drugs or ADRs are over-
represented), the model may generate false positives or miss important safety
signals. It is essential to ensure that datasets used to train algorithms are diverse

and representative of the broader population to reduce such biases.
« Interpretability and Transparency

o Black Box Problem: Al and machine learning models, particularly deep learning
models, are often referred to as "black boxes" because their decision-making

processes are not easily interpretable. In pharmacovigilance, it is crucial that Al
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systems provide not only accurate predictions but also explanations for how those

predictions were made, especially when they influence regulatory decisions or

patient safety outcomes.

o Lack of Transparency: Many Al models used in pharmacovigilance may operate
without sufficient transparency, leaving stakeholders (e.g., healthcare providers,
regulatory bodies, and patients) unable to understand the rationale behind certain
drug safety recommendations. This lack of transparency can undermine trust in
Al-driven pharmacovigilance systems, as stakeholders may question the reliability

and fairness of the decisions made.
« Data Ownership and Control

o Ownership of Data: In a system driven by Big Data, it is important to clarify who
owns the data. Often, data is collected from multiple stakeholders—such as
healthcare providers, pharmaceutical companies, and patients—creating confusion
about ownership rights and usage permissions. Conflicts may arise over who has
access to data, how it is shared, and whether patients should be compensated for

their contributions to safety data collection.

o Data Governance: The governance of data in pharmacovigilance systems needs
to be clearly defined. Guidelines on data use, access, sharing, and ownership must
be transparent, ensuring that data is managed in an ethical and legally compliant
manner. This is especially important when working with sensitive patient data

across borders, where different jurisdictions have different legal frameworks.

4.2 Ethical Considerations

« Informed Consent

o Patient Consent: Ethical concerns around patient consent are central to the use of
Big Data and Al in pharmacovigilance. While patients contribute to
pharmacovigilance through data, it is crucial to ensure that they provide informed

consent for their data to be used in Al models and safety monitoring systems.
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Transparency in Consent: Patients should be fully informed about how their

data will be used, the potential risks, and the steps taken to protect their privacy.
Furthermore, they should have the option to withdraw consent at any time without
facing negative consequences. Ensuring transparency around consent is necessary

to maintain ethical standards and public trust.

. Accountability and Responsibility

(@]

Who is Responsible for Al Decisions?: When Al algorithms make decisions or
recommendations in pharmacovigilance (such as flagging ADRs or suggesting
regulatory actions), it raises the question of accountability. If an Al system makes
a mistake or misses a crucial ADR signal, who should be held accountable?
Should it be the developers of the Al system, the healthcare providers, or the

pharmaceutical companies that rely on the system's predictions?

Balancing Automation with Human Oversight: While Al can automate many
aspects of pharmacovigilance, human oversight remains essential to ensure that
the final decisions align with ethical standards and patient welfare. It is important
to strike a balance between Al automation and the necessary human judgment to
avoid over-reliance on machines and to ensure the correct actions are taken in

critical situations.

. Equity and Access

©)

o

Ensuring Equitable Access to Drug Safety: Al and Big Data applications in
pharmacovigilance must ensure that drug safety monitoring benefits all
populations equally, including marginalized and underrepresented groups. There
is a risk that the benefits of Al-driven pharmacovigilance systems could be
skewed toward certain demographics, leaving vulnerable populations without

adequate protection.

Accessibility of Al Tools: It is important to ensure that healthcare systems,
especially those in low-resource settings, can access and utilize the Al-driven
pharmacovigilance tools effectively. Unequal access to these technologies could

exacerbate disparities in drug safety monitoring and health outcomes.
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« Trust and Public Perception

o Trust in Al: One of the most important ethical considerations is maintaining
public trust in Al-driven pharmacovigilance systems. The public may be skeptical
about the use of Al in healthcare, particularly when it involves sensitive issues
like drug safety. Transparent communication about how Al models work, their
limitations, and the measures taken to ensure patient protection is essential in

building trust.

o Balancing Innovation and Risk: While Al holds great promise in improving
pharmacovigilance, it also carries risks. Ethical decision-making requires
balancing the potential benefits of Al with the risks of harm. Ensuring that Al
systems are thoroughly tested and regulated before widespread use is key to
preventing unintended consequences that could jeopardize patient safety.

Al and Big Data have the potential to greatly enhance pharmacovigilance, but they introduce
significant challenges and ethical considerations that must be addressed to ensure responsible,
equitable, and transparent use. Issues such as data quality, privacy, algorithmic bias,
transparency, accountability, and informed consent must be carefully managed. Ethical
considerations like patient autonomy, equity, and trust are crucial to ensuring that these
technologies are used in ways that prioritize patient welfare and safety. Addressing these
challenges and ethical concerns will be critical for the successful integration of Al and Big
Data into pharmacovigilance systems and for maintaining public confidence in these

transformative technologies.
5. Conclusion

Pharmacovigilance in the digital age, powered by Big Data and Acrtificial Intelligence, holds
the promise of significantly improving drug safety monitoring. These technologies enable
real-time surveillance, better detection of ADRs, and predictive modeling that can help
prevent adverse events before they occur. However, challenges such as data privacy, the need
for standardization, and ethical concerns must be addressed to fully realize the potential of Al

in pharmacovigilance. As technology continues to evolve, it is essential for regulatory
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agencies, healthcare providers, and researchers to collaborate in developing frameworks that

maximize the benefits of Big Data and Al while safeguarding patient rights and safety.
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