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Introduction 
The integration of Artificial Intelligence (AI) into medical research and pharmaceutical 

improvement represents one of the most widespread technological advances in healthcare over 
the last decade. This transformative generation has revolutionized how we method clinical 
research, and drug discovery, and affected personal care, supplying unprecedented possibilities 
to boost scientific discoveries and improve healthcare results. The convergence of elevated 
computational energy, sophisticated system studying algorithms, and the supply of great 
quantities of healthcare records has created an excellent typhoon for AI innovation within the 
medical field. The healthcare area generates an substantial extent of data day by day, from 
electronic health facts and clinical imaging to genomic sequences and clinical trial 
consequences. Traditional strategies of studying and deciphering this information have end up 
increasingly inadequate, mainly due to the emergence of AI as a vital tool in scientific research 
and pharmaceutical development. AI's capacity to procedure and examine complex datasets at 
speeds a long way past human capability has opened new avenues for information illnesses, 
developing remedies, and enhancing affected person outcomes. This systematic evaluation 
examines the multifaceted position of AI in clinical studies and pharmaceutical consequences, 
exploring its packages throughout various domain names of healthcare and drug improvement. 
From accelerating drug discovery approaches to optimizing scientific trials and enhancing 
precision remedies, AI has demonstrated terrific ability in reworking how we method healthcare 
challenges. The evaluation additionally addresses the demanding situations and limitations of 
AI implementation, which include moral considerations, data privacy issues, and the want for 
regulatory frameworks to control AI use in healthcare. As we stand at the intersection of 
generation and healthcare, expertise the impact and potential of AI in medical research will 
become more and more critical for healthcare experts, researchers, and policymakers. This 
overview targets to provide a comprehensive analysis of modern AI applications in clinical 
studies and pharmaceutical development, while also analyzing destiny prospects and capacity- 
demanding situations that need to be addressed. 

AI-Powered Drug Discovery and Development 

The pharmaceutical industry has traditionally faced sizeable challenges in drug discovery 

and improvement, with the technique generally taking 10-15 years and costing billions of dollars. 

Artificial Intelligence has emerged as a sport-changing generation in this discipline, dramatically 

lowering both the time and value related to bringing new drugs to the marketplace. Through state- 

of-the-art gadget getting-to-know algorithms and deep mastering networks, AI has revolutionized 

every degree of the drug improvement pipeline, from preliminary compound screening to final 

scientific trying out. At the coronary heart of AI-powered drug discovery lies the capability to 
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research considerable chemical libraries and predict molecular homes with unheard-of accuracy 

(Ranchon et al., 2023). Machine mastering fashions can now screen millions of capacity drug 

compounds in silico, identifying those maximum probably to illustrate healing outcomes while 

minimizing ability facet effects. This functionality has especially transformed the initial tiers of 

drug discovery, where AI algorithms can predict protein-ligand interactions and molecular conduct 

with top-notch precision, extensively lowering the number of compounds that want to be tested in 

laboratory settings. 

Structure-based total drug design has been another region in which AI has made enormous 

contributions. Deep studying models can now expect protein structures and their interactions with 

ability drug molecules, a functionality that was dramatically demonstrated by way of traits like 

AlphaFold. This has enabled researchers to design more effective pills by way of information on 

the molecular mechanisms of illnesses at an exceptional degree of element. Furthermore, AI 

systems can examine present capsules for potential repurposing possibilities, figuring out new 

therapeutic packages for authorized medicines and thereby accelerating the provision of treatments 

for diverse conditions. The application of AI in drug improvement has also led to extra efficient 

optimization of lead compounds (Chalasani et al., 2023). Machine studying algorithms can predict 

how adjustments to molecular structures will affect their residences, allowing researchers to high- 

quality-tune drug candidates greater correctly. This has resulted in the development of compounds 

with progressed efficacy, higher protection profiles, and greater favorable pharmaceutical houses, 

in the long run growing the achievement charge of drug improvement applications. 

Clinical Trial Design and Patient Selection 

The implementation of AI in scientific trial layout and patient selection has marked a giant 

advancement in how clinical research is performed. AI algorithms have converted the conventional 

method to medical trials using introducing greater state-of-the-art strategies for trial design, patient 

recruitment, and outcome prediction. This has brought about more green, value-effective, and 

successful clinical studies while making sure of higher representation and extra meaningful 

consequences. Modern medical trials face severe demanding situations, such as affected person 

recruitment problems, excessive dropout costs, and the need for particular endpoint measurements. 

AI addresses these demanding situations through advanced predictive analytics which could 

perceive premiere patient populations, expect trial effects, and optimize trial protocols. Machine- 

gaining knowledge of algorithms can examine significant amounts of affected person data, 

consisting of electronic health records, genetic statistics, and demographic information, to become 

aware of the most appropriate candidates for unique trials, thereby improving the likelihood of 

successful results. 

The use of AI in clinical trial design has additionally enabled the development of greater 

sophisticated adaptive trial designs. These shrewd systems can continuously analyze incoming trial 

information and advocate modifications to trial parameters in real-time, optimizing resource 

allocation and improving the likelihood of detecting significant treatment effects. Additionally, 

AI-powered herbal language processing can analyze medical literature and previous trial outcomes 

to tell trial layout decisions, making sure that new research build successfully on current 

understanding while heading off previously recognized pitfalls (Al-Shehri et al., 2023). 

Furthermore, AI has revolutionized patient monitoring in the course of scientific trials through the 

mixing of wearable devices and remote monitoring systems. These technologies allow non-stop 

data collection and actual-time evaluation of patient responses, taking into consideration early 

detection of destructive occasions and extra correct evaluation of treatment efficacy. This has now 
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not only advanced affected person protection but additionally more advantageous the pleasant and 

reliability of trial statistics. 

Biomarker Discovery and Validation 

The subject of biomarker discovery and validation has been converted through the creation 

of AI technology, allowing researchers to pick out and validate new biological signs of disorder 

states, remedy responses, and patient effects with unheard-of accuracy and performance. AI- 

powered analysis of complex organic facts has caused the discovery of novel biomarkers that 

might have been tough or impossible to identify through conventional study methods (Koshechkin 

et al., 2022). Machine-gaining knowledge of algorithms excels at studying huge-scale molecular 

records, consisting of genomics, proteomics, and metabolomics datasets, to discover styles and 

correlations that could indicate ability biomarkers. These systems can integrate more than one 

record kind, considering complicated interactions among exceptional organic pathways and 

structures, to identify the maximum dependable and clinically relevant biomarkers. This complete 

method has brought about the invention of greater specific and touchy biomarkers for various 

illnesses, in particular in complicated conditions such as cancer and neurodegenerative problems. 

The validation of biomarkers has also been enhanced through AI packages. Advanced 

algorithms can investigate the reliability and reproducibility of capability biomarkers throughout 

distinct affected person populations and clinical settings, assisting in discovering those most in all 

likelihood to be clinically beneficial. AI systems also can expect the potential medical impact of 

newly located biomarkers, permitting researchers to prioritize people with the finest potential for 

enhancing patient care. Moreover, AI has facilitated the improvement of multi-biomarker panels 

that could offer more correct and comprehensive disorder checks than single biomarkers. These 

panels can account for the complex nature of many illnesses and provide more dependable 

diagnostic and prognostic statistics. The ability to analyze multiple biomarkers simultaneously has 

led to more personalized approaches to disease analysis and treatment monitoring. 

Medical Imaging Analysis and Diagnostics 

The utility of AI in clinical imaging analysis and diagnostics has revolutionized how 

healthcare specialists interpret and make use of medical photographs. Through deep knowledge of 

algorithms and computer imaginative and prescient technology, AI has dramatically progressed 

the accuracy, pace, and consistency of photograph evaluation, leading to advanced sickness 

detection and more unique diagnoses. Convolutional neural networks and other deep mastering 

architectures have verified first-rate abilities in analyzing diverse sorts of medical snapshots, 

consisting of X-rays, MRI scans, CT scans, and pathology slides. These AI systems can detect 

subtle patterns and anomalies that are probably ignored by human observers, mainly to step 

forward in diagnostic accuracy and earlier disorder detection. Furthermore, AI-powered picture 

evaluation can quantify disease progression and treatment response more exactly than 

conventional visual evaluation strategies. One of the most considerable impacts of AI in scientific 

imaging has been in radiology, where system-mastering algorithms can now help radiologists 

detect and characterize diverse conditions, from most cancers to cardiovascular sickness. These 

structures can automatically segment anatomical structures, degree volumes, and dimensions, and 

highlight capability areas of the subject, extensively enhancing workflow performance and 

diagnostic accuracy (Suriyaamporn et al., 2024). Additionally, AI algorithms can help standardize 

photo interpretation throughout distinctive healthcare companies and settings, reducing variability 

in analysis and treatment planning. In pathology, AI-powered image analysis has enabled more 

precise and goal evaluation of tissue samples. These structures can routinely quantify cellular 

features, pick out particular cellular kinds, and come across diffused styles associated with 
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numerous diseases. This has now not only not effectively stepped forward diagnostic accuracy but 

also helped perceive new morphological capabilities that correlate with sickness effects and 

remedy responses. 

Precision Medicine and Treatment Optimization 

The emergence of AI in precision medicinal drugs has fundamentally modified how 

healthcare carriers' techniques affect personal remedy, enabling more personalized and powerful 

therapeutic techniques. AI algorithms can examine large quantities of patient statistics, including 

genetic records, clinical records, lifestyle elements, and environmental influences, to expect 

personal treatment responses and optimize healing techniques. Machine getting-to-know models 

have become especially treasured in predicting patient responses to precise treatments, permitting 

healthcare vendors to pick out the best interventions for male or woman patients (Ali et al., 2023). 

These structures can integrate more than one fact resource, which includes genomic profiles, 

biomarker facts, and medical histories, to generate personalized treatment guidelines that take into 

account the unique characteristics of each affected person. This technique has been especially 

impactful in oncology, in which AI can assist in discovering the maximum promising remedy 

combinations based on an affected person's precise cancer profile. 

The optimization of treatment protocols through AI has additionally brought about 

progressed affected person outcomes and reduced negative consequences. AI algorithms can 

analyze remedy response patterns throughout big patient populations to discover elements that 

impact treatment achievement or failure. This information can then be used to alter dosing 

regimens, timing of interventions, and mixture strategies to maximize healing advantage at the 

same time as minimizing side effects (Crossnohere et al., 2022). Furthermore, AI has enabled the 

development of dynamic treatment strategies that may adapt to modifications in patient 

circumstances and responses through the years. These structures can continuously reveal the 

affected person's development and suggest changes to treatment plans primarily based on real-time 

records, ensuring that therapeutic procedures stay optimized at some point in the course of 

treatment. 

Real-global Evidence Generation and Analysis 

The transformation of healthcare statistics evaluation via AI-powered actual-world 

evidence (RWE) era represents a paradigm shift in how we apprehend remedy effectiveness and 

patient results past the managed environment of clinical trials. AI systems can now simultaneously 

examine giant arrays of disparate records sources - from dependent digital fitness information and 

coverage claims to unstructured medical notes, wearable device facts, and patient-reported effects 

- growing a more holistic image of remedy effectiveness in various real-international populations. 

This complete analysis allows researchers and healthcare carriers to perceive subtle styles and 

correlations that could be not possible to discover through conventional analytical methods 

(Bhattamisra et al., 2023). For instance, AI algorithms can locate how precise remedies perform 

throughout distinctive demographic corporations, socioeconomic backgrounds, and comorbidity 

profiles, revealing important insights about remedy effectiveness that may not be apparent inside 

the cautiously managed conditions of scientific trials. These systems also can account for real- 

global factors that impact remedy consequences, including medicinal drug adherence, lifestyle 

factors, and environmental impacts, supplying extra nuanced information about the way 

interventions are performed in actual medical practice. The ability to technique and examine this 

complex web of data in real-time has revolutionized our method to prove the era, shifting past the 
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constraints of conventional observational studies to create dynamic, continuously updated 

information on treatment effectiveness and safety. 

The impact of AI-powered RWE analysis has been specifically transformative in two vital 

regions: uncommon disease studies and post-advertising surveillance. In the context of rare 

illnesses, in which traditional clinical trials are often impractical due to small patient populations 

and geographical dispersion, AI structures can aggregate and analyze affected person statistics 

across a couple of healthcare structures and geographical areas, growing virtual cohorts that offer 

unheard of insights into sickness development, treatment outcomes, and chance elements. These 

analyses can pick out subtle styles in sickness manifestation and treatment reaction that could take 

a long time to find out through conventional research strategies. Similarly, in post-marketing 

surveillance, AI systems have revolutionized our capacity to reveal drug and medical tool 

protection in real-world settings. By constantly studying data from a couple of sources, together 

with social media and patient forums, these systems can come across safety indicators and 

effectiveness styles that won't be apparent throughout pre-approval studies (Younis et al., 2024). 

The AI algorithms can perceive potential unfavorable occasions and protection concerns tons in 

advance than conventional pharmacovigilance techniques, enabling faster regulatory responses 

and progressed affected person protection. This capability has become increasingly essential as 

healthcare systems face developing stress to ensure the protection and effectiveness of recent 

treatments whilst dealing with the complexity of contemporary therapeutic interventions. The 

potential to rapidly discover and respond to protection indicators has no longer most effectively 

improved patient safety but has also supplied treasured insights that inform future drug 

development and scientific exercise guidelines. 

Disease Mechanism Understanding 

The modern effect of AI on sickness mechanism expertise represents a quantum leap in 

clinical studies, essentially reworking how we decipher and examine complicated biological 

systems. At its middle, AI's ability to procedure and combine massive datasets has enabled 

researchers to move past conventional reductionist approaches that studied individual additives in 

isolation. Modern device learning algorithms, especially deep learning models, can concurrently 

analyze elaborate patterns across multiple organic scales - from molecular interactions to cell 

conduct to organ gadget functioning. This complete analytical functionality has led to step-forward 

discoveries in expertise sickness pathways and development. For example, AI systems can now 

become aware of diffused patterns in gene expression information that indicate early sickness 

development, map complicated protein-protein interaction networks that monitor new healing 

goals, and model how genetic variations affect ailment susceptibility (Vora et al., 2023). By 

reading those sizeable datasets, AI has helped researchers find previously unknown relationships 

among exceptional organic structures and their roles in disorder development. This has been in 

particular treasured in the know-how of complicated sicknesses like cancer, diabetes, and 

neurodegenerative problems, in which a couple of elements and pathways make contributions to 

sickness development. The potential to procedure and integrate diverse statistics types - which 

include genomic sequences, protein structures, metabolic profiles, and medical observations - has 

provided researchers with unprecedented insights into disease mechanisms that had been formerly 

not possible to come across through conventional studies strategies. 

The integration of AI in structures biology has revolutionized our approach to modeling 

disease methods and predicting treatment responses. Through state-of-the-art gadgets gaining 

knowledge of algorithms, researchers can now create precise computational fashions that simulate 

how sicknesses develop and develop across unique organic scales. These fashions can predict how 
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genetic mutations might affect protein characteristics, how cellular pathways reply to special 

interventions, and the way those adjustments ultimately impact organ device features and patient 

results. This multi-scale modeling technique has been in particular transformative in personalizing 

remedy strategies, as it lets researchers recognize why certain remedies are extra effective in some 

sufferers than others. AI systems can examine affected person-particular information - including 

genetic profiles, protein expression styles, and metabolic signatures - to identify distinct ailment 

subtypes and expect which remedies are maximum in all likelihood to be effective for each patient 

(Salas et al., 2022). This has led to the development of greater centered and powerful healing 

strategies, moving us toward definitely personalized medication. Moreover, AI's potential to 

combine and analyze numerous forms of organic information has helped researchers perceive new 

biomarkers for disease diagnosis and tracking, understand drug resistance mechanisms, and 

discover novel therapeutic objectives. This complete expertise of disorder mechanisms has no 

longer simply stepped forward our capability to deal with existing conditions but has also opened 

new avenues for stopping sickness development and progression. 

Regulatory Compliance and Safety Monitoring 

The integration of AI in regulatory compliance and protection monitoring represents a 

transformative development in pharmaceutical safety and regulatory oversight. In its middle, AI 

systems function as vigilant sentinels, constantly processing and studying widespread streams of 

records from numerous sources such as scientific trials, submit-advertising surveillance, electronic 

fitness statistics, and patient-suggested outcomes. These sophisticated machine-mastering 

algorithms excel at identifying diffused patterns and correlations that might get away from 

traditional monitoring techniques, enabling the early detection of ability safety concerns before 

they end up in great trouble. What makes these AI systems mainly effective is their ability to 

conform and analyze new statistics, continuously refining their ability to differentiate between 

proper safety alerts and historical past noise (Siala & Wang, 2022). For instance, while reading 

clinical trial information, AI algorithms can concurrently compare more than one parameter – 

together with destructive event frequencies, temporal relationships, affected person demographics, 

and concomitant medicinal drugs to identify capacity protection signals that may not be obvious 

while analyzing every factor in isolation. This complete evaluation is similarly more desirable 

using herbal language processing abilities that could extract applicable records from unstructured 

information resources, which includes clinical notes, clinical literature, and regulatory documents, 

presenting a more entire image of ability safety issues. 

The application of AI in regulatory documentation and pharmacovigilance has 

revolutionized how pharmaceutical agencies approach compliance and safety tracking. Modern 

AI-powered pharmacovigilance systems can system and analyze statistics from an unprecedented 

variety of resources, consisting of social media structures, patient boards, and scientific literature, 

to locate early warning signs of destructive drug reactions. These systems appoint sophisticated 

algorithms that can identify capacity safety alerts throughout exclusive populations, geographic 

areas, and healthcare settings, permitting a more proactive method of safety monitoring. The 

automation of regulatory documentation techniques through AI has additionally notably decreased 

the executive burden at the same time as improving accuracy and consistency (Bhattamisra et al., 

2023). Natural language processing algorithms can evaluate lots of pages of regulatory documents 

within hours, ensuring compliance with complicated regulatory requirements and figuring out 

potential troubles that require attention. This computerized analysis extends to the standardization 

of protection reporting throughout distinctive regulatory frameworks, supporting businesses to 
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preserve compliance with various worldwide necessities whilst making sure of consistent 

protection tracking requirements. Moreover, those AI structures can adapt to evolving regulatory 

requirements, automatically updating their evaluation parameters to reflect new safety monitoring 

guidelines or reporting requirements, thereby supporting pharmaceutical organizations to stay in 

advance of regulatory adjustments whilst keeping strong safety tracking applications. 

Conclusion 

The integration of Artificial Intelligence in clinical research and pharmaceutical results has 

transformed how we method healthcare challenges and boost medical understanding. From 

accelerating drug discovery to improving scientific trial design and enhancing patient care through 

precision medicinal drugs, AI has confirmed its capacity to revolutionize each thing of scientific 

research and pharmaceutical development. As we look to the future, the ongoing evolution of AI 

technology guarantees even greater advances in healthcare. However, realizing this capability will 

require careful interest in challenges which include information privacy, regulatory compliance, 

and ethical considerations. The successful implementation of AI in clinical research will rely on 

endured collaboration among healthcare experts, researchers, generation developers, and 

regulatory government to make certain that those powerful gear are used efficiently and 

responsibly. The impact of AI on clinical studies and pharmaceutical consequences has already 

been profound; however, we are probably simplest at the beginning of know-how of its complete 

potential. As AI technology continues to boost and our capability to generate and examine 

healthcare information grows, we can anticipate even more massive breakthroughs in our expertise 

of ailment mechanisms, treatment processes, and affected person care techniques. This ongoing 

revolution in medical research, powered by AI, holds the promise of more powerful, personalized, 

and accessible healthcare for all. 

 

References 

Al Kuwaiti, A., Nazer, K., Al-Reedy, A., Al-Shehri, S., Al-Muhanna, A., Subbarayalu, A. V., ... 

& Al-Muhanna, F. A. (2023). A review of the role of artificial intelligence in 

healthcare. Journal of personalized medicine, 13(6), 951.https://www.mdpi.com/2075- 

4426/13/6/951 

Ali, S., Akhlaq, F., Imran, A. S., Kastrati, Z., Daudpota, S. M., & Moosa, M. (2023). The 

enlightening role of explainable artificial intelligence in medical & healthcare domains: A 

systematic literature review. Computers in Biology and Medicine, 107555. 

https://www.sciencedirect.com/science/article/pii/S001048252301020X 

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, 7(1), 10. https://www.mdpi.com/2504-2289/7/1/10 

Chalasani, S. H., Syed, J., Ramesh, M., Patil, V., & Kumar, T. P. (2023). Artificial intelligence in 

the field of pharmacy practice: A literature review. Exploratory Research in Clinical and 

Social Pharmacy, 12, 100346. 

https://www.sciencedirect.com/science/article/pii/S2667276623001270 

Crossnohere, N. L., Elsaid, M., Paskett, J., Bose-Brill, S., & Bridges, J. F. (2022). Guidelines for 

artificial intelligence in medicine: literature review and content analysis of 

frameworks. Journal of Medical Internet Research, 24(8), e36823. 

https://www.jmir.org/2022/8/e36823 

https://www.mdpi.com/2075-4426/13/6/951
https://www.mdpi.com/2075-4426/13/6/951
https://www.sciencedirect.com/science/article/pii/S001048252301020X
https://www.mdpi.com/2504-2289/7/1/10
https://www.sciencedirect.com/science/article/pii/S2667276623001270
https://www.jmir.org/2022/8/e36823


Dr. Ali Mohd Ahmed Alnajie- 7321536
1
, Hussain Mohammed Mahlawi - 4285821

2
, Satam Saeed Alhagwi – 4267860

3
, Adel Mohmmed 

Ghuffah – 2211
4
, Mofreh Ahmad Yahya Sabaea- 69229

5
, Wiam Mohammed Alamir6, Munirah Ahmed Harazi- 0130310

7
, Radwan Hadi 

Radwan – 65574
8
, Amnah Mohammad Alamar-3847489

9
, Abduh Ali Harash- 9177478

10
, Ali Dhaifallah Madrabaa- 4279568

11
, Mohsen 

Hamad Hakami – 4279618
12

, Mohammed Shoei Alraythi- 4265880
13

, Mohammed Yahya Qadri- 4279790
14  

 

2339 

 

 

Koshechkin, K. A., Lebedev, G. S., Fartushnyi, E. N., & Orlov, Y. L. (2022). Holistic approach 

for artificial intelligence implementation in pharmaceutical products lifecycle: a meta- 

analysis. Applied Sciences, 12(16), 8373. https://www.mdpi.com/2076-3417/12/16/8373 

Ranchon, F., Chanoine, S., Lambert-Lacroix, S., Bosson, J. L., Moreau-Gaudry, A., & Bedouch, 

P. (2023). Development of artificial intelligence powered apps and tools for clinical 

pharmacy services: A systematic review. International Journal of Medical 

Informatics, 172, 104983. 

https://www.sciencedirect.com/science/article/abs/pii/S1386505622002970 

Salas, M., Petracek, J., Yalamanchili, P., Aimer, O., Kasthuril, D., Dhingra, S., ..... & Bostic, T. 

(2022). The use of artificial intelligence in pharmacovigilance: a systematic review of the 

literature. Pharmaceutical medicine, 36(5), 295-306. 

https://link.springer.com/article/10.1007/s40290-022-00441-z 

Siala, H., & Wang, Y. (2022). SHIFTing artificial intelligence to be responsible in healthcare: A 

systematic review. Social Science & Medicine, 296, 114782. 

https://www.sciencedirect.com/science/article/pii/S0277953622000855 

Suriyaamporn, P., Pamornpathomkul, B., Patrojanasophon, P., Ngawhirunpat, T., Rojanarata, T., 

& Opanasopit, P. (2024). The Artificial Intelligence-Powered New Era in Pharmaceutical 

Research  and  Development:  A  Review. AAPS  PharmSciTech, 25(6),  188. 

https://link.springer.com/article/10.1208/s12249-024-02901-y 

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, 15(7), 1916. https://www.mdpi.com/1999-4923/15/7/1916 

Younis, H. A., Eisa, T. A. E., Nasser, M., Sahib, T. M., Noor, A. A., Alyasiri, O. M.,  & Younis, 

H. A. (2024). A systematic review and meta-analysis of artificial intelligence tools in 

medicine and healthcare: applications, considerations, limitations, motivation and 

challenges. Diagnostics, 14(1), 109. https://www.mdpi.com/2075-4418/14/1/109 

https://www.mdpi.com/2076-3417/12/16/8373
https://www.sciencedirect.com/science/article/abs/pii/S1386505622002970
https://link.springer.com/article/10.1007/s40290-022-00441-z
https://www.sciencedirect.com/science/article/pii/S0277953622000855
https://link.springer.com/article/10.1208/s12249-024-02901-y
https://www.mdpi.com/1999-4923/15/7/1916
https://www.mdpi.com/2075-4418/14/1/109

