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ABSTRACT

The pharma industry is in the midst of a digital revolution, with Artificial Intelligence (Al)
and Machine Learning (ML) becoming potent tools to streamline lifecycle management at
every stage—right from early drug discovery to post-market surveillance. This paper seeks
to critically evaluate how Al and ML technologies are transforming pharma processes by
enhancing efficiency, accuracy, decision-making, and patient outcomes. We discuss the use
of predictive algorithms in target identification, artificial intelligence-based simulations in
clinical trial design, machine-based compliance monitoring in manufacturing, and real-
time analytics in pharmacovigilance. The focus is on the convergence of emerging
technologies like blockchain, which complements data transparency and security when
integrated with Al platforms. Although the promise of these technologies is enormous, the
paper also discusses ongoing challenges such as data silos, algorithmic bias, and
regulatory barriers. This research integrates current literature to present a unified
perspective of Al and ML applications in pharma, detailing future directions and industry
implications. Finally, the findings emphasize that although Al is no silver bullet, its
strategic implementation can significantly enhance lifecycle efficiency and innovation in
drug development.
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1. INTRODUCTION

The drug industry has long been known to have a sophisticated and multi-stage product life cycle
that includes initial-stage drug development, clinical testing, regulatory clearances,
manufacturing, distribution, and post-marketing surveillance. The life cycle, though imperative to
patient safety and therapeutic effectiveness, is often characterized by extended development
periods, mounting costs, regulatory delays, and disparate data systems. With growing global
health needs, pharmaceutical companies are increasingly turning to digital transformation to
overcome these inefficiencies (Chirag, 2025).

Atrtificial Intelligence (Al) and Machine Learning (ML) have become revolutionary forces that
can re-engineer each phase of the pharmaceutical life cycle. From the extraction of big
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biomedical data to the forecasting of adverse drug reactions and the streamlining of
manufacturing processes, Al and ML present unparalleled opportunities for velocity, accuracy,
and creativity. Recent developments have shown how smart algorithms can lower R&D
expenditure, accelerate clinical timelines, and improve patient safety through real-time
surveillance and adaptive learning platforms (Bhattamisra et al., 2023).

The impetus for this work stems from the urgent need to fill existing inefficiencies in pharma
operations through technology-based solutions. The key aim of this paper is to canvass and
critically assess how Al and ML can be applied throughout the pharmaceutical life cycle. This
encompasses uses in drug discovery, clinical development, compliance, pharmacovigilance, and
more. In the process, the paper also brings to light not just the potential for transformation of
these technologies but also the implementation challenges that include data privacy issues, bias in
algorithms, and compliance with regulations (Vora et al., 2023).

By way of this detailed review, the paper hopes to provide an integrated reference point for
researchers, practitioners, and decision-makers alike, and help advance understanding of how
Al/ML can help improve lifecycle management in the pharma space(Serrano et al., 2024).

Even with these advances, pharma lifecycle management through the application of Al and ML is
challenging. Privacy issues surrounding the data, bias in the Al models, and compliance
challenges need to be overcome for ethical and effective use. In addition, tremendous investments
in infrastructure and human resource training are needed to realize the full potential of Al (Aritra
& Indu, 2025).

The purpose of this paper is to investigate how Al and ML can be used to streamline lifecycle
management activities in pharmaceutical organizations, from development through to post-
market surveillance. The aims are to determine existing uses of Al and ML within the
pharmaceutical sector, assess their impact on different lifecycle phases, and cover the challenges
and ethical issues related to their use (Bhattamisra et al., 2023; Chirag, 2025).

The organization of this paper is as follows: Section 2 discusses the use of Al and ML in drug
development, that is, drug discovery and clinical trials. Section 3 analyses Al-enabled process
optimization in manufacturing and supply chain management. Section 4 discusses Al in
regulatory compliance and risk management. Section 5 deals with Al-based post-market
surveillance and pharmacovigilance. Section 6 discusses the issues and ethical considerations of
adopting Al and ML in the pharma sector. Section 7 contains future insights and upcoming
trends. Section 8 ends with a concluding summary of the findings and suggestions for future
studies.

2. RELATED WORK

Over the past few years, the incorporation of Artificial Intelligence (Al) and Machine Learning
(ML) in the pharmaceutical industry has gained considerable academic and industrial interest.
Various studies have investigated how Al models can speed up drug discovery and repurposing.
For instance, Zhavoronkov et al. (2019)illustrated how deep learning algorithms could help
identify viable drug candidates in silico, significantly shortening discovery timelines. Likewise,
Vamathevan et al. (2019) delivered a detailed analysis of ML deployment in genomics that
improves the target identification and compound screening productivity.

In the field of clinical trials, Bate and Aickelin (2020) identified the way ML can enhance patient
recruitment and forecast trial results through electronic health records (EHRs) and real-world
data (RWD). Automatic systems can also help in designing protocols and monitoring adverse
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effects. In manufacturing and quality control, Sahoo et al. (2021) suggested predictive

maintenance models and Al-based quality assurance methods that minimize waste and enhance

operation efficiency.

In addition, the contribution of Al to pharmacovigilance has been widely researched. Harpaz et

al. (2017) discussed how natural language processing (NLP) and machine learning (ML) are

employed for identifying adverse drug reactions from patients' stories and social media posts.

Although such attempts hold some promise, they also highlight the importance of reliable,

interpretable Al models conforming to regulatory guidelines.

An increasing body of literature also refers to hybrid technologies, including blockchain-Al

integration, for secure, tamper-evident data exchange among clinical and supply chain systems.

Kumar et al. (2022) and Chen et al. (2023) have shown through their studies that blockchain can

enhance data traceability and interoperability when combined with Al systems.

Though this paper builds upon these prior studies, it differs in providing a lifecycle-focused

review—Iinking Al/ML applications from development through post-market surveillance within
a single framework, and identifying challenges that are commonly reported in isolation.

3. AI AND ML IN DRUG DEVELOPMENT

Al Assisting in the Drug Lifecycle
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Artificial Intelligence (Al) and Machine Learning (ML) have revolutionized drug development
processes to a great extent, bringing efficiencies and innovations at different stages.

Acrtificial Intelligence for Drug Discovery and Design

Acrtificial intelligence has emerged as a vital tool to speed up drug discovery and clinical trial
optimization. Al has been integrated into several phases of drug development, ranging from
target identification to clinical trial design. Most importantly, Al-based models have proven to
reduce early-stage drug performance prediction errors significantly, thus minimizing late-stage
failures and linked expenses(Aritra & Indu, 2025).

Machine Learning in Preclinical and Clinical Trials
ML algorithms have improved preclinical research by predicting drug efficacy and toxicity

accurately, thus decreasing the need for animal testing. In clinical trials, Al and ML enable
patient stratification through genetic and phenotypic analysis, resulting in more targeted and
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effective trials. Further, Al-based in silico trials mimic clinical outcomes at lower costs compared
to conventional methods(Wang et al., 2022).

Predictive Analytics for Drug Candidate Selection

Al- and ML-powered predictive analytics allow for the evaluation of large chemical spaces to
find potential drug candidates. Through the combination of multi-omics information and real-
world evidence, such technologies increase the accuracy of drug candidate selection, thus
lowering the risk of late-stage failures. This strategy not only speeds up the drug development
process but also maximizes resource utilization in pharmaceutical firms(Kandhare et al., 2025).

In summary, Al and ML incorporation in drug development has transformed the conventional
practices into more efficient, precise, and cost-effective processes for marketing new
therapeutics.

4. AlI-DRIVEN PROCESS OPTIMIZATION IN MANUFACTURING AND SUPPLY
CHAIN

Acrtificial Intelligence (Al) and Machine Learning (ML) are transforming pharma manufacturing
and supply chain functions by increasing efficiency, precision, and responsiveness.

Steps to Optimize Al and Data Analytics in the
Supply Chain

Aappinvemiv



International Journal of Computer Science, Engineering and Information Technology (IJCSEIT)
Vol.15, No.3, June 2025

Smart Manufacturing with Al and ML

Integration of Al and ML in drug-making, which has been popularly referred to as "smart
manufacturing,” facilitates immediate monitoring and adjustment of the processes of making the
drugs. From analyzing massive volumes of sensor data and equipment inputs, Al models can
tweak variables, foreseeing maintenance requirements, and decreasing equipment downtime.
These result in augmented productivity and expenses savings. Predictive maintenance supported
by Al is a good example that has helped improve plant productivity in pharmaceutical units
(John, 2025).

Al-Based Quality Control and Assurance

Ensuring the quality of products is of the highest priority in pharmaceuticals. Al-based quality
control systems apply ML algorithms to identify abnormalities in real-time during the production
process. Such systems have the ability to detect the slightest variations from quality requirements
that could be missed by conventional methods, thus minimizing the probability of substandard
products entering the market. The use of Al in quality assurance has led to stronger decision-
making processes within pharmaceutical manufacturing (Chandra Saha et al., 2023).

Supply Chain Optimization Using Predictive Analytics

Predictive analytics powered by Al improve supply chain management through demand
forecasting, inventory optimization, and logistics enhancement. Through the analysis of past data
and market trends, Al algorithms can accurately forecast future demand, enabling businesses to
realign production schedules and inventory. This proactive strategy reduces stockouts and
overstocking, resulting in cost savings and enhanced customer satisfaction. The use of Al in
supply chain operations has been linked with greater resilience and efficiency (Shamsuddoha et
al., 2025).

5. AI IN REGULATORY COMPLIANCE AND RISK MANAGEMENT

Artificial Intelligence (Al) and Machine Learning (ML) are now part of the integral solutions to
boost regulatory compliance and risk management in the pharmaceutical sector. Their usage cuts
across all domains, ranging from regulatory documents, detection of adverse events, to
monitoring of compliance.

Al for Regulatory Documentation and Reporting

The pharmaceutical industry is under strict requlatory mandates, which call for rigorous
documentation and reporting. Conventional manual operations are usually cumbersome and
error-prone. Introduction of electronic Quality Management Systems (eQMS) driven by Al has
revolutionized the process by quality process automation and compliance with regulatory
requirements. The automation process provides instant access to quality information and
simplifies interdepartmental communication, thus improving overall efficiency (Akitra, 2024).

ML for Adverse Event Detection and Pharmacovigilance

Patient safety is ensured through the early identification and management of adverse drug
reactions (ADRs). Machine learning algorithms have been used to scan large data sets, such as

5
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electronic health records and patient complaints, for patterns that predict potential ADRs. Such
sophisticated methods facilitate real-time surveillance and signal detection, thus increasing the
efficiency of pharmacovigilance processes (Product Life Group, 2021).

Automated Compliance Monitoring and Validation

Sustaining regulatory compliance with changing regulatory requirements is a chronic challenge
for pharmaceutical organizations. Al-powered automation is critical in this regard by constantly
monitoring operations and ensuring compliance in real-time. The European Medicines Agency
(EMA) has stressed the need to integrate digital technologies and Al to aid regulatory decision-
making and enhance business efficiency. Organizations can address compliance issues in advance
through the use of Al, thus minimizing the likelihood of regulatory violations and enhancing
overall operational integrity(Rasi, 2025).

Integration of Al and ML in regulatory compliance and risk management plans is of considerable
value as it will lead to better precision, efficacy, and proactive risk avoidance. As the
technologies keep improving, their contribution towards ensuring the safety and effectiveness of
pharmaceutical products is bound to increase, making them even more integral to the industry.

6. AI-POWERED PoOST-MARKET SURVEILLANCE AND
PHARMACOVIGILANCE

Al and ML are revolutionizing post-market surveillance and pharmacovigilance through
improved drug safety monitoring and adverse drug reaction (ADR) prediction.

Al for Real-Time Safety Monitoring

The use of Al in pharmacovigilance allows for real-time tracking of drug safety. Sophisticated
algorithms manipulate large datasets efficiently, identifying potential ADRs more effectively than
conventional procedures. This is important for early intervention, minimizing harm to patients.
For example, Al-based systems can scrutinize electronic health records and patient reports to
extract signals of safety, allowing for proactive risk handling(Rose, 2023).

ML in Drug Usage Pattern Analysis and Market Trends

ML models inspect drug usage patterns and trends in the marketplace to offer insight into
prescribing and abuse patterns. With the study of large data, ML models are able to identify
patterns that are not according to expected usage and can thus identify off-label use or potential
emerging safety issues. This insight can assist regulatory authorities and drug firms in decision-
making on drug efficacy and safety(Jaiswal, 2025).

Al in Adverse Drug Reaction (ADR) Prediction

ML models process patterns of drug use and trends in the marketplace, giving insight into
prescribing practices and potential abuse. From large-scale data analysis, ML models can detect
variance from predicted use, helping to pick up on off-label prescribing or new safety issues. This
analysis helps regulatory agencies and drug makers make decisions about drug safety and
effectiveness(Wolff et al., 2023).

The infusion of Al and ML within pharmacovigilance clearly illustrate a paradigm shift to
proactive and data-driven drug safety surveillance. These technologies raises the possibility of
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detecting, analyzing, and anticipating adverse events, ultimately leading to better patient
outcomes and more effective healthcare systems..

7. CHALLENGES AND ETHICAL CONSIDERATIONS

Challenge / Ethical Description Key Insights Source
Consideration
Data Privacy and The reliance on Al The Al cybersecurity —Statista,

Security in Al
Applications

and
Issues

Bias
Transparency
in Al Models

requires processing large
volumes of data,
including sensitive
personal information,
raising serious concerns
about privacy  and
security.

Al systems can inherit
biases from their training
data, potentially resulting

market is projected to
grow from over $30
billion in 2024 to
approximately $134
billion by 2030. Privacy-
enhancing technologies
like data anonymization
are being adopted.

Al has the potential to
reduce  discrimination,
but only if organizations

techinformed.com
(Borgeaud, 2025)

Forbes, World
Economic

Forum(WEF, 2025)

in unfair or (Alabi, 2024)
discriminatory outcomes,
especially in  sensitive

areas like recruitment.

develop ethical
guidelines promoting
transparency and
fairness. Interpretability
and transparent decision-
making are key.
Proactive approaches are
needed, such as
embedding data
protection by design and
adhering to international
standards for ethical Al
integration.

Morrison  Foerster,
privacyperfect.com
(Privacy  Perfect,
2025)

(Wugmeister, 2025)

Regulatory  Barriers
and Compliance
Challenges

Rapid technological
advances in Al outpace
the  development  of
regulatory  frameworks,
making compliance
difficult. Regulations may
require rapid  breach
notification,  specialized
data protection teams, and
impact assessments.

Integrate Artificial Intelligence (Al) within industries offers an enormous opportunity for
innovation and efficacy, but the challenges and issues are equally strong, which needs to be
thoughtfully addressed. The most major issue is protecting data privacy and security, considering
that Al needs a tremendous input of data to operate, a lot of it being sensitive and personal in
nature. The expanding Al cybersecurity market — estimated to grow from more than $30 billion
in 2024 to around $134 billion by 2030 — underscores the pressing need for strong data
protection controls (Statista). Companies are increasingly embracing privacy-enhancing
technologies like data anonymization and Al-based security products to meet these challenges
and establish customer trust (techinformed.com). However, protecting data privacy in Al
technology is an ongoing process, demanding constant evolution with changing threats(Louis
Palatty et al., 2024).

A further salient concern is bias and transparency in artificial intelligence systems. Atrtificial
intelligence algorithms have the power to automatically echo and even heighten pre-existent bias
in the data used in training, with resulting discriminatory or unequal outcomes. This would be
startling in employment domains, wherein unintentional biases among data scientists and
developers could percolate in Al-driven decisions (Forbes). To address this, organizations must
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pay attention to developing ethical guidelines that promote transparency and equity in Al
systems(Tanum, 2023). Providing Al models interpretable and their decision-making processes
transparent is predominant for bias detection and rectification, establishing trust, and maintaining
accountability, as highlighted by the World Economic Forum. Compliance and regulatory
problems are also significantly generated from the fact that legislations cannot keep pace with
how quickly technologies are evolving. New regulations may require organizations to report
security breaches within strict timelines and institute comprehensive data protection practices
(Morrison Foerster). Proactive approach, including the use of data protection by design and
global standards compliance, is important in the ethical application of Al(Barna Ganguly, 2024).

8. FUTURE PERSPECTIVES AND EMERGING TRENDS

The integration of Artificial Intelligence (Al) with emerging technologies is poised to
revolutionize the pharmaceutical sector, delivering innovative solutions for personalized
medicine, data management, and the overall drug life cycle. Al is profoundly accelerating
personalized medicine through the use of enormous datasets to tailor treatments to individual
patient profiles(Allam, 2025). Al can predict the patient reactions to different therapies,
personalize drug doses. It can also identify possible side effects through machine learning
algorithms, hence enhancing both efficacy and safety of treatment. Predictive models that have
been trained using Al are now making diagnoses more accurate and treatment plans personalized,
minimizing trial-and-error techniques and decreasing the cost of healthcare (MDPI). This
transformation towards patient-tailored treatment is not just improving clinical results but also
rationalizing healthcare provision(Kumar et al., 2022).

Parallelly, the fusion of blockchain technology with Al is providing a transparent and secure
system for data handling in healthcare. Blockchain's distributed and unchangeable nature protects
health data from breaches and unauthorized access, overcoming increasing concerns over data
privacy. Coupled with Al, the technology enables safe sharing of health data between
stakeholders, facilitating collaborative research and allowing real-time analysis (MDPI). In
addition, Al is able to revolutionize drug life cycle management through speeding up drug
discovery. It can optimize clinical trials, and lead to post-market surveillance. Al technologies
can rapidly decoding complex biological data in order to pick promising drug candidates,
optimizing patient selection protocols during clinical trials, and continually watching drug safety
with advanced pharmacovigilance (MDPI). As these innovative technologies advance and
converge, they are expected to address essential problems in medicine, leading to safer, more
effective, and more personalized medical therapies(Serrano et al., 2024).

9. LIMITATIONS

This research, with its broad focus, is itself subject to various limitations. Firstly, it depends
mostly on secondary literature, and such literature might not accurately mirror the latest
proprietary breakthroughs in Al being harnessed by drug firms in response to confidentiality and
competitive interests.. Consequently, the observations highlighted below might not completely
represent the velocity or magnitude of live industry take-up.

Second, the report focuses on conceptual and strategic applications and not on empirical proof or
implementation case studies. Though extensive use-case descriptions exist, no quantitative
metrics on actual impacts such as return on investment (ROI), time savings, or approval by a
regulator were determined. Third, the large range of topics from drug discovery through post-
market surveillance restricts how thoroughly each step may be explored.
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Additionally, regulatory and ethical considerations such as data privacy, algorithmic
transparency, and governance frameworks are evolving rapidly and may change the feasibility of
some Al applications in the near future. These limitations highlight the need for ongoing
empirical research, cross-sector collaboration, and regulatory dialogue to translate AI’s potential
into scalable, ethical, and effective pharmaceutical practices.

10. CONCLUSION
Summary of Key Findings

The intersection of Al and ML across the pharma landscape with visionary potential for optimal
lifecycle management from drug discovery through post-market surveillance. Al-powered
innovations in smart manufacturing, supply chain optimization, regulatory compliance, and
pharmacovigilance have optimized efficiency, accuracy, and decision-making. But with these
advancements come concerns around data privacy, bias, transparency, and regulatory
compliance, which require ethical and legal considerations for mass acceptance.

Implications for Pharmaceutical Companies. Pharmaceutical organizations that utilize Al and ML
technologies have the competitive advantage of being more efficient, cost-effective, and quicker
in drug development timelines. Predictive analytics using Al enable improved decision-making in
clinical trials, patient enrolment, and drug development. Also, automated quality control
processes allow strict regulatory compliance while minimizing the risks of human errors.
The combination of blockchain with Al adds further robustness to data security, overcoming
issues of unauthorized access and regulatory compliance. Moreover Al-powered
pharmacovigilance and real-time monitoring of safety enhanced post-market surveillance,
minimizing adverse drug reactions (ADRs) and patient safety. In spite of these, firms have to
overcome regulatory hurdles, ethical challenges, and bias in Al models to ensure public
confidence and compliance with international standards.

11. RECOMMENDATIONS FOR FUTURE RESEARCH

Future studies should concentrate on building explainable Al (XAIl) models that enhance the
transparency and accountability of Al-powered pharmaceutical intervention(Serrano et al., 2024).
Algorithmic bias removal and diverse training data will be essential for Al fairness and reliability
improvement. Moreover, interdisciplinary studies on Al-based personalized medicine can further
refine patient-oriented treatment regimens and dosage accuracy.

Blockchain-Al collaboration is still a developing field with immense scope to enhance data
privacy, integrity, and interoperability(Kumar et al., 2022). More research is required to
normalize frameworks for Al compliance across pharmaceutical regulations to facilitate
uncomplicated global adoption. Finally, further developments in Al for predictive analytics and
market trend analysis will enable companies to pre-emptively act in response to industry trends,
enhancing long-term healthcare outcomes.

REFERENCES

[1]  Akitra. (2024, October). Using eQMS to Streamline Regulatory Compliance - Akitra. Akitra
Publication. https://akitra.com/using-eqms-to-streamline-regulatory-
compliance/?utm_source=chatgpt.com



(2]

[3]
[4]

[5]
[6]

[7]

8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

International Journal of Computer Science, Engineering and Information Technology (IJCSEIT)
Vol.15, No.3, June 2025

Alabi, M. (2024, November). Ethical Implications of Al: Bias, Fairness, and Transparency. Forbes.
https://www.researchgate.net/publication/385782076_Ethical_Implications_of Al_Bias_Fairness_a
nd_Transparency

Allam, H. (2025). Prescribing the Future: The Role of Artificial Intelligence in Pharmacy.
Information 2025, Vol. 16, Page 131, 16(2), 131. https://doi.org/10.3390/INFO16020131

Aritra, S., & Indu, S. (2025). Harnessing the Power of Artificial Intelligence in Pharmaceuticals:

Current Trends and Future Prospects. Intelligent Pharmacy.
https://doi.org/10.1016/J.1IPHA.2024.12.001
Barna  Ganguly. (2024).  Pharmacovigilance  and  Ethical Issues.  Academia.

https://www.academia.edu/72457515/Pharmacovigilance_and_Ethical_Issues

Bhattamisra, S. K., Banerjee, P., Gupta, P., Mayuren, J., Patra, S., &Candasamy, M. (2023).
Artificial Intelligence in Pharmaceutical and Healthcare Research. Big Data and Cognitive
Computing 2023, Vol. 7, Page 10, 7(1), 10. https://doi.org/10.3390/BDCC7010010

Borgeaud, A. (2025, February). Artificial intelligence (Al) in cybersecurity - statistics & facts |
Statista. Statista. https://www.statista.com/topics/12001/artificial-intelligence-ai-in-cybersecurity/
Chandra Saha, G., Saha Hajee Mohammad, H., Chandra Saha Associate Professor, G., Nasrin Eni,
L., Saha, H., Professor, A., & Kumar Parida, P. (2023). Artificial Intelligence in Pharmaceutical
Manufacturing: Enhancing Quality Control and Decision Making. Rivista Italiana Di Filosofia
Analitica Junior, 14(2), 2037-4445. https://www.researchgate.net/publication/375330771

Chirag, B. (2025, February). Al in Pharmaceutical Industry: Shaping Healthcare’s Future.
Appinventive. https://appinventiv.com/blog/ai-in-pharmaceutical-
industry/?utm_source=chatgpt.com

Jaiswal, R. (2025, February). The Role of Artificial Intelligence in Advancing Pharmacovigilance
Systems. Pharma Focus Asia. https://www.pharmafocusasia.com/articles/the-role-of-artificial-
intelligence-in-advancing-pharmacovigilance-systems?utm_source=chatgpt.com

John, A. (2025). Enhancing Pharmaceutical Process Efficiency and Innovation through the
Integration of Intelligent Process Automation and Generative Al. Researchgate.
https://www.researchgate.net/publication/388800223

Kandhare, P., Kurlekar, M., Deshpande, T., & Pawar, A. (2025). A Review on Revolutionizing
Healthcare Technologies with Al and ML Applications in Pharmaceutical Sciences. Drugs and
Drug Candidates 2025, Vol. 4, Page 9, 4(1), 9. https://doi.org/10.3390/DDC4010009

Kumar, R., Arjunaditya, Singh, D., Srinivasan, K., & Hu, Y. C. (2022). Al-Powered Blockchain
Technology for Public Health: A Contemporary Review, Open Challenges, and Future Research
Directions. Healthcare 2023, Vol. 11, Page 81, 11(1), 81.
https://doi.org/10.3390/HEALTHCARE11010081

Louis Palatty, P., Sacheendran, D., & Jayachandran, M. (2024). Mitigating Challenges in
Pharmacovigilance. Pharmacovigilance - Facts, Challenges, Limitations and Opportunity [Working
Title]. https://doi.org/10.5772/INTECHOPEN.1005978

Privacy Perfect. (2025). Global Trends in Privacy, Security, and Al Regulations in 2025 -
PrivacyPerfect. Privacy Perfect. https://privacyperfect.com/global-trends-in-privacy-security-and-
ai-regulations-in-2025/?utm_source=chatgpt.com

Product Life Group. (2021, October 5). Artificial Intelligence (Al) in Pharmacovigilance |
ProductL.ife Group. Product Life Group Publications.
https://www.productlifegroup.com/resources/white-paper-artificial-intelligence-
pharmacovigilance/?utm_source=chatgpt.com

Rasi, G. (2025). EMA Regulatory Science to 2025 Strategic reflection. European Medicines
Agency, .

Rose, R. (2023, November). Al and Real-Time Drug Safety Monitoring: Revolutionizing
Pharmacovigilance Practices - Pharmacovigilance Analytics. Pharmacovigilance Analytics .
https://www.pharmacovigilanceanalytics.com/methods/artificial-intelligence/ai-and-real-time-drug-
safety-monitoring-revolutionizing-pharmacovigilance-practices/?utm_source=chatgpt.com

Serrano, D. R., Luciano, F. C., Anaya, B. J., Ongoren, B., Kara, A., Molina, G., Ramirez, B. I.,
Sanchez-Guirales, S. A., Simon, J. A., Tomietto, G., Rapti, C., Ruiz, H. K., Rawat, S., Kumar, D.,
&L alatsa, A. (2024). Artificial Intelligence (Al) Applications in Drug Discovery and Drug Delivery:
Revolutionizing Personalized Medicine. Pharmaceutics 2024, Vol. 16, Page 1328, 16(10), 1328.
https://doi.org/10.3390/PHARMACEUTICS16101328

10



International Journal of Computer Science, Engineering and Information Technology (IJCSEIT)
Vol.15, No.3, June 2025
[20] Shamsuddoha, M., Khan, E. A., Chowdhury, M. M. H., & Nasir, T. (2025). Revolutionizing Supply
Chains: Unleashing the Power of Al-Driven Intelligent Automation and Real-Time Information
Flow. Information 2025, Vol. 16, Page 26, 16(1), 26. https://doi.org/10.3390/INFO16010026
[21] Tanum, L. (2023, May). Ethical Challenges and Dilemmas in Pharmacovigilance: A Commentary
on Principles and Practices. Journal of Pharmacovigilance
https://www.walshmedicalmedia.com/open-access/ethical-challenges-and-dilemmas-in-
pharmacovigilance-a-commentary-on-principles-and-practices.pdf
[22] Vora, L. K., Gholap, A. D., Jetha, K., Thakur, R. R. S., Solanki, H. K., & Chavda, V. P. (2023).
Artificial Intelligence in Pharmaceutical Technology and Drug Delivery Design. Pharmaceutics
2023, Vol. 15, Page 1916, 15(7), 1916. https://doi.org/10.3390/PHARMACEUTICS15071916
[23] Wang, Z,, Gao, C., Glass, L. M., & Sun, J. (2022). Artificial Intelligence for In Silico Clinical
Trials: A Review. https://arxiv.org/abs/2209.09023v1
[24] WEF. (2025, January). Why transparency is key to unlocking Al’s full potential | World Economic
Forum. World Economic Forum . https://www.weforum.org/stories/2025/01/why-transparency-key-
to-unlocking-ai-full-potential/?utm_source=chatgpt.com
[25] Wolff, P., Rios, S. A., & Gonzéles, C. (2023). Machine Learning Methods for Predicting Adverse
Drug Reactions in Hospitalized Patients. Procedia Computer Science, 225, 22-31.
https://doi.org/10.1016/J.PROCS.2023.09.087
[26] Wugmeister, M. H. (2025). Privacy + Data Security Predictions for 2025 | Morrison Foerster.
Morrison Foerster. https://www.mofo.com/resources/insights/250107 -privacy-data-security-
predictions

AUTHOR

Jahnavi Vellanki, with over 12 years of extensive experience in the medical
device and Contract Research Organization (CRO) industries, Jahnavi vellanki has
established herself as a highly skilled professional specializing in computer
systems validation and middleware validation. Her expertise spans critical areas of 6
technology integration, including the qualification of laboratory equipment and -
ensuring compliance with stringent regulatory standards.

o))

Driven by a passion for continuous process improvement, Jahnavi is dedicated to

enhancing operational efficiency and quality in medical and scientific domains. Their work reflects a
commitment to advancing methodologies that align with the evolving needs of the healthcare industry,
particularly in maintaining the reliability and accuracy of medical systems.

A thought leader in their field, Jahnavi consistently applies their deep technical knowledge to foster
innovation and contribute meaningfully to multidisciplinary teams. Her career trajectory is marked by
contributions to critical projects that bridge technology, compliance, and healthcare, making them a
valuable asset to research and development initiatives worldwide.

This paper reflects Jahnavi's dedication to advancing academic and practical understanding in their areas of
expertise.

11



	1. Introduction
	2. Related Work
	3. AI and ML in Drug Development
	4. AI-Driven Process Optimization in Manufacturing and Supply Chain
	5. AI in Regulatory Compliance and Risk Management
	6. AI-Powered Post-Market Surveillance And Pharmacovigilance
	7. Challenges and Ethical Considerations
	8. Future Perspectives and Emerging Trends
	9. Limitations
	10. Conclusion
	11. Recommendations for Future Research


