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Pharmaceutical formulation design significantly affects drug performance, safety, and 

therapeutic outcomes. Historically, development efforts have concentrated on ensuring 

product stability, bioavailability, and ease of manufacturing, often overlooking 

individual patient requirements. Recently, there has been a growing emphasis on 

patient-centered formulation strategies that prioritize treatment adherence, acceptability, 

and ease of administration. Factors such as age, physiological differences, genetic 

variability, disease conditions, swallowing capacity, sensory preferences, and lifestyle 

now play an essential role in dosage-form design. As personalized medicine advances, 

traditional uniform formulation approaches are increasingly insufficient due to 

variations in pharmacokinetic and pharmacodynamic responses among individuals. 

Artificial intelligence (AI) has emerged as a valuable tool for addressing these 

complexities by analyzing large and diverse datasets to support informed formulation 

decisions. Technologies including machine learning, deep learning, and intelligent 

modeling systems enable prediction and optimization of formulation components, 

processing parameters, and drug release behavior tailored to specific patient needs. This 

review explores the principles, methodologies, practical applications, advantages, 

limitations, and future prospects of AI-driven patient-focused formulation development, 

highlighting its potential to transform pharmaceutical design into a more precise and 

individualized discipline. 
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INTRODUCTION 

The development of pharmaceutical formulations 

is an essential part of medication development and 

has a direct impact on the therapeutic efficacy, 

safety, and quality of medical products2. 

Traditionally, achieving appropriate 

physicochemical stability, bioavailability, and 

manufacturability of pharmaceutical products has 

been the main emphasis of formulation 

techniques3. Growing research indicates that 

patient acceptability, adherence, and practical 
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dosage form usability are just as important to 

therapeutic success as pharmacological efficacy, 

even though these factors are still crucial4. 

Healthcare systems have been moving more and 

more in the direction of a patient-centered 

approach in recent years, with a focus on better 

patient experiences and customized care5. The 

goal of patient-centered pharmaceutical 

formulation development is to create dosage forms 

that take into account the unique characteristics of 

each patient, including age, physiological state, 

genetic variability, disease severity, swallowing 

ability, taste sensitivity, and lifestyle6. Poor 

adherence, less than ideal therapeutic results, and 

a higher healthcare burden can result from failing 

to take these aspects into account7. The 

shortcomings of traditional one-size-fits-all 

formulation techniques have been further brought 

to light by the rise of personalized medicine8. 

Because patient populations differ in their 

pharmacokinetics and pharmacodynamics, 

formulation strategies must be customized to meet 

each patient's demands9. The adoption of 

sophisticated computational tools that can handle 

complicated and multidimensional datasets has 

been fueled by this need for customization. 

Because of its capacity to analyze massive data 

sets, spot hidden patterns, and produce predictive 

models, artificial intelligence [AI] has drawn a lot 

of interest in the pharmaceutical sciences. Robust 

tools for optimizing formulation composition, 

processing parameters, and medication delivery 

performance are provided by AI-based techniques 

like machine learning, deep learning, and expert 

systems.  AI makes it possible to create logical, 

data-driven formulations that go beyond empirical 

trial-and-error approaches when combined with 

patient-centered concepts. Early prediction of 

crucial quality features, dissolving behavior, and 

in vivo performances under patient-specific 

physiological parameters is supported by the use 

of AI in formulation development. Additionally, 

patient-friendly dosage forms, such as age-

appropriate formulations, taste-masked medicines, 

and modified release systems intended to improve 

adherence and therapeutic efficacy, are made 

possible by AI-driven techniques. The goal of this 

review is to give a thorough overview of patient-

centered AI techniques used in the creation of 

pharmacological formulations. The overview 

covers the fundamental ideas, frequently used 

artificial intelligence methods, important 

applications, benefits, current difficulties, and 

potential future developments. demonstrating how 

AI has the potential to change formulation 

development into a paradigm that is more patient-

centered and individualized10.   

 The idea behind patient-centered AI:11 

Driven systems that focus patient requirements, 

variability, and practical outcomes throughout the 

drug development lifecycle are referred to be 

patient-centered AI. This includes the following in 

formulation development: 

1. Including patient-specific information (clinical, 

genetic, physiological) 

2. Forecasting each person's reaction to formulas  

3. Tailoring medicine delivery mechanisms and 

dose forms 

4. Improvement of quality of life and patient 

adherence  

Precision medicine and optimal therapeutic 

performance are supported by patient-centered AI, 

which moves the emphasis from population 

averages to individual variability. 

AI methods for developing formulations:  

a) Models of linear and nonlinear regression 
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b) Random forests and decision trees 

c) SVMs, or support vector machines 

d) K-NN, or K-nearest neighbors 

These methods are used to forecast formulation 

performance metrics like stability, hardness, 

dissolution rate, and disintegration time. 

2. Deep learning models Complex:12 

High-dimensional datasets are handled by deep 

learning models, such as artificial neural networks 

(ANN), convolutional neural networks (CNN), 

and recurrent neural networks (RNN). They are 

especially helpful in: 

a) Dosage form analysis using images 

b) Identifying patterns in release and dissolution 

profiles 

c) Multivariate formulation variable optimization 

3. Ensemble and hybrid models: 

Hybrid AI models improve interpretability and 

robustness by fusing data-driven AI techniques 

with mechanistic modeling. By combining several 

methods, ensemble learning improves prediction 

accuracy. 

Using patient-centered AI in the creation of 

formulations:13 

1. AI models for excipient selection and 

optimization examine patient tolerability, 

compatibility information, and physicochemical 

characteristics to suggest the best excipients. This 

enhances patient safety and reduces unpleasant 

effects.  

2. Design of dosage forms  

Designing pills, capsules, liquids, transdermal 

systems, and innovative dose forms for certain 

populations—such as children, the elderly, and 

dysphagic patients—is supported by patient-

centered artificial intelligence.  

3. Improvement of solubility and bioavailability  

While taking patient variability into account, AI-

driven optimization of solid dispersions, 

nanoparticles, lipid-based systems, and 

amorphous formulations increases the 

bioavailability of poorly soluble medications.  

4. Customized medication delivery methods  

AI makes it possible to customize targeted, 

controlled release  

Advantages of Artificial Intelligence Focused 

on Patients:14 

1. Customized Care and Therapy Enhancement 

The study of individual patient data, including 

genetics, age, illness severity, lifestyle, and 

comorbidities, is made possible by patient-

centered AI. This reduces trial-and-error 

prescribing and improves therapeutic outcomes by 

enabling tailored drug selection, dosage 

optimization, and formulation design. 

 

2. Enhanced Patient Safety and Decreased Side 

Effects 

Using real-world data, AI algorithms can forecast 

patient-specific adverse reactions, toxicity 

concerns, and drug-drug interactions. This 

proactive risk assessment reduces avoidable 

adverse drug events and improves medication 

safety.  

3. Improved Clinical Judgment 

Patient-centered AI improves diagnostic precision 

and treatment planning by combining clinical 
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records, imaging, laboratory data, and patient-

reported outcomes. 

4. Increased Adherence and Patient Involvement 

Chatbots, virtual assistants, and mobile health apps 

are examples of AI-powered systems that help 

patients learn about their disease and treatment. 

Patient participation in care decisions and 

treatment adherence is enhanced by tailored 

reminders and feedback. 

5. Effective Formulation Design and Drug 

Development 

By forecasting the best excipient combinations, 

release profiles, and dose forms based on patient 

requirements, patient-centered AI in 

pharmaceutical research supports quality by 

design (QbD) and Design of Experiments (DoE) 

methodologies. 

6. Quicker and More Precise Disease 

Identification 

Particularly in chronic and uncommon diseases, 

machine learning algorithms examine intricate 

datasets to identify early disease trends, resulting 

in prompt diagnosis and treatment. 

7. Economical Healthcare Provision] 

Patient-centered AI lowers healthcare costs while 

preserving high-quality care by cutting down on 

pointless tests, readmissions to hospitals, and 

ineffective therapies. 

8. Predictive analytics and real-time monitoring 

AI-powered wearable technology and remote 

monitoring systems provide ongoing patient health 

parameter surveillance. Early diagnosis of therapy 

failure or illness progression is made possible by 

predictive analytics. 

9. Encouragement of Value-Based and Precision 

Healthcare 

Patient-centered AI ensures that treatment choices 

are based on individual benefit rather than 

population averages, which is consistent with 

precision medicine and value-based care models. 

10. Enhanced Quality of Life and Patient 

Satisfaction 

AI improves patient satisfaction, trust, and general 

quality of life by providing individualized, 

effective, and responsive care, supporting a 

holistic approach to healthcare. 

Patient-Centered Artificial Intelligence: 

Regulatory and Ethical Issues15: 

1. Compliance and the Regulatory Framework 
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Adherence to national and international regulatory 

norms is necessary for the incorporation of patient-

centered AI into pharmaceutical development and 

healthcare. Regulatory agencies prioritize 

performance consistency, safety, clinical 

relevance, and model validation. However, 

approval and post-deployment monitoring are 

complicated by the lack of standardized 

international criteria for AI-based solutions. 

 

2. Confidentiality and Data Privacy 

Patient-centered AI systems must strictly conform 

to data protection and privacy standards because 

they rely on sensitive personal health data. Strong 

anonymization, safe data storage, restricted access, 

and open data governance procedures are 

necessary for the ethical use of patient data in order 

to stop illegal usage and data breaches  

3. Patient autonomy and informed consent 

In order to ensure that patients are aware of how 

their data is gathered, processed, and utilized in 

AI-driven decision-making, ethical AI deployment 

requires informed consent. Patients must continue 

to have control over data sharing and the ability to 

revoke consent without sacrificing the standard of 

treatment. 

 

4. Explainability and Transparency 

Explainable and interpretable AI models are 

becoming more and more required by regulatory 

bodies. In order to promote confidence and 

facilitate collaborative decision-making while 

lowering the risk of blind reliance on automated 

systems, ethical considerations demand that 

clinicians and patients be able to comprehend AI-

generated suggestions. 

5. Equity, Fairness, and Bias 

If AI systems are trained on inadequate or biased 

datasets, they may inadvertently perpetuate 

healthcare disparities. To stop discrimination 

against vulnerable or underrepresented groups, 

regulatory supervision must guarantee fairness and 

representativeness in AI model development.16 

6. Liability and Accountability 

When AI systems have an impact on clinical 

decisions, it is crucial to clearly define who is 

responsible. When AI-based tools cause diagnostic 

or therapeutic errors, developers, healthcare 

providers, and institutions must be held 

accountable under ethical and legal frameworks. 

7. Post-Market Monitoring and Clinical 

Validation: 

To guarantee long-term performance, safety, and 

efficacy in practical contexts, regulatory bodies 

need stringent clinical validation and ongoing 

post-deployment monitoring of AI systems. 

Because adaptive AI models are always changing, 

they pose new regulatory issues. 

Obstacles and Restrictions of Patient-Centered 

AI in the Development of Pharmaceutical 

Formulations17: 

1. Challenges Associated with Data 

High-quality, patient-specific data is essential to 

patient-centered AI. Pharmaceutical data, 

however, is frequently sparse, dispersed, or 

inconsistent. Clinical data, patient-reported 

outcomes, genetic profiles, and real-world 

adherence data may be inadequate or inconsistent, 

which affects AI model accuracy and reliability. 

2. Data Security and Privacy Issues 

Use of sensitive patient data presents substantial 

privacy and confidentiality challenges. 
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Compliance with rules such as GDPR, HIPAA, 

and national data protection legislation 

challenging. Large-scale deployment of AI-driven 

systems is constrained by the dangers of data 

breaches and the exploitation of private health 

information. 

3. Insufficient Standardization 

When developing AI-based formulations, there is 

no common standard for data formats, model 

validation, or performance assessment. Variability 

in datasets and algorithms makes it difficult to 

compare outcomes across studies and inhibits 

reproducibility18. 

4. Interpretability and Transparency of the Model 

A lot of AI models operate as "black boxes," 

especially deep learning algorithms. It is difficult 

to defend AI-driven choices in medication design 

and patient-specific dose forms when there is a 

lack of explainability, which erodes confidence 

among formulation scientists, physicians, and 

regulators. 

5. Limited Applicability 

AI models trained on certain populations or 

datasets may not perform effectively across varied 

patient groups. The wider application of patient-

centered formulations may be limited by 

differences in age, gender, ethnicity, disease 

status, and lifestyle factors19. 

6. Barriers to Regulation and Validation 

Regulatory bodies need clinical relevance, 

transparency, and strong validation. Approval 

pathways for AI-guided tailored formulations are 

questionable since current regulatory frameworks 

are not entirely geared to continually learning AI 

systems 

7. High Cost and Infrastructure Requirements 

AI system implementation requires sophisticated 

computer infrastructure, trained staff, and ongoing 

maintenance, all of which can be expensive. 

Small- and medium-scale pharmaceutical firms 

may suffer financial and technical obstacles20. 

 

8. Combining Current Formulation Techniques 

It is difficult to integrate AI tools with 

conventional formulation development methods. 

Resistance to change, lack of AI literacy among 

formulation scientists, and dependency on 

conventional trial-and-error procedures hinder 

adoption. 

9. Ethical Concerns and Bias 

Biases in training data may be inadvertently 

included into AI models, resulting in unfair or less-

than-ideal treatment outcomes for specific patient 

groups. Fairness, accountability, and informed 

consent are ethical issues that continue to be major 

constraints. 

10. Limited Clinical Translation 

Due to validation gaps and a lack of long-term 

clinical data, many patient-centered AI models fail 

to go from laboratory-scale development to real-

world clinical application despite encouraging 

research results21. 

CONCLUSION:  

A revolutionary discovery in the creation of 

pharmaceutical formulations is patient-centered 

artificial intelligence. Artificial intelligence (AI) is 

changing the paradigm from conventional 

population-based techniques to customized 

therapeutic treatments by incorporating patient-

specific physiological, genetic, clinical, and 

behavioral data into formulation creation. By 
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facilitating predictive modeling, optimal excipient 

selection, customized dose forms, and controlled 

drug delivery systems that improve safety, 

efficacy, and adherence, this shift advances 

precision medicine22. 

Artificial intelligence (AI)-powered solutions like 

machine learning, deep learning, and hybrid 

modeling systems speed up formulation 

optimization, increase decision-making accuracy, 

and drastically lessen the need for empirical trial-

and-error techniques. Additionally, better 

therapeutic results, fewer side effects, higher 

quality of life, and more economical healthcare 

delivery are all made possible by patient-centered 

AI. Formulation scientists can create medications 

that are both practically and scientifically 

acceptable to a wide range of patient populations 

thanks to its capacity to examine intricate, 

multidimensional datasets23. 

Notwithstanding its encouraging promise, a 

number of obstacles still need to be overcome, 

such as restrictions on data quality, privacy issues, 

legislative ambiguities, model interpretability 

problems, infrastructure requirements, and moral 

considerations like prejudice and responsibility. 

Successful implementation will depend on 

overcoming these challenges through 

interdisciplinary cooperation, transparent 

algorithms, strong clinical validation, uniform 

regulatory frameworks, and responsible data 

governance24. 

In the end, patient-centered AI has the potential to 

revolutionize the development of pharmaceutical 

formulations by coordinating scientific 

advancement with the specific requirements of 

each patient. AI-driven formulation techniques are 

set to become a key component of future 

pharmaceutical research and customized treatment 

design as computational technologies advance and 

healthcare systems adopt precision medicine more 

and more.25 

REFERENCES 

1. International Council for Harmonisation 

(ICH). ICH Harmonised Guideline Q8 (R2): 

Pharmaceutical Development. Geneva: ICH; 

2009. 

2. International Council for Harmonisation 

(ICH). ICH Harmonised Guideline Q9: 

Quality Risk Management. Geneva: ICH; 

2005. 

3. International Council for Harmonisation 

(ICH). ICH Harmonised Guideline Q10: 

Pharmaceutical Quality System. Geneva: 

ICH; 2008. 

4. U.S. Food and Drug Administration. Artificial 

Intelligence/Machine Learning (AI/ML)-

Based Software as a Medical Device Action 

Plan. Silver Spring (MD): FDA; 2021. 

5. World Health Organization. WHO Guideline 

on Digital Health Interventions for Health 

System Strengthening. Geneva: WHO; 2019. 

6. Topol EJ. High-performance medicine: the 

convergence of human and artificial 

intelligence. Nat Med. 2019;25:44-56. 

7. Yu KH, Beam AL, Kohane IS. Artificial 

intelligence in healthcare. Nat Biomed Eng. 

2018;2:719-731. 

8. Rajkomar A, Dean J, Kohane I. Machine 

learning in medicine. N Engl J Med. 

2019;380:1347-1358. 

9. Beam AL, Kohane IS. Big data and machine 

learning in healthcare. JAMA. 

2018;319(13):1317-1318. 

10. Esteva A, Robicquet A, Ramsundar B, et al. A 

guide to deep learning in healthcare. Nat Med. 

2019;25:24-29. 

11. LeCun Y, Bengio Y, Hinton G. Deep learning. 

Nature. 2015;521:436-444. 



K V Ratnamala, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 5, 1826-1833 | Review 

                 
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 1833 | P a g e  

12. Vamathevan J, Clark D, Czodrowski P, et al. 

Applications of machine learning in drug 

discovery and development. Nat Rev Drug 

Discover. 2019;18:463-477. 

13. Mak KK, Pichika MR. Artificial intelligence 

in drug development: present status and future 

prospects. Drug Discover Today. 

2019;24(3):773-780. 

14. Shah P, Kendall F, Khozin S, et al. Artificial 

intelligence and machine learning in clinical 

development. Clin Pharmacol Ther. 

2019;106(1):115-123. 

15. Thakkar S, Koganti R, Moulder S, et al. 

Adoption of artificial intelligence in drug 

discovery and development. Drug Discover 

Today. 2021;26(1):80-93. 

16. Singh A, Reddy KR. Machine learning 

applications in drug development and 

delivery. Drug Discover Today. 

2019;24(10):1940-1948. 

17. Patel MJ, Shah P. Applications of artificial 

intelligence in pharmaceutical formulation 

development. Int J Pharm. 2020;589:119-130. 

18. Agatonovic-Kustrin S, Beresford R. Basic 

concepts of artificial neural network modeling 

and its application in pharmaceutical research. 

J Pharm Biomed Anal. 2000;22:717-727. 

19. Agatonovic-Kustrin S, Morton DW. Neural 

networks in pharmaceutical research. Pharm 

Res. 2012;29:109-121. 

20. Mater AC, Coote ML. Deep learning in 

chemistry. J Chem Inf Model. 

2019;59(6):2545-2559. 

21. Ramsundar B, Eastman P, Walters P, Pande 

V. Deep Learning for the Life Sciences: 

Applying Deep Learning to Genomics, 

Microscopy, Drug Discovery, and More. 

Sebastopol (CA): O’Reilly Media; 2019. 

22. Florence AT, Attwood D. Physicochemical 

Principles of Pharmacy. 6th ed. London: 

Pharmaceutical Press; 2016. 

23. Rowe RC, Sheskey PJ, Quinn ME. Handbook 

of Pharmaceutical Excipients. 7th ed. London: 

Pharmaceutical Press; 2012. 

24. Peppas NA, Narasimhan B. Mathematical 

models in drug delivery: how modeling has 

shaped the way we design new drug delivery 

systems. Adv Drug Deliv Rev. 2014;64:6-13. 

25. Lee SL, O’Connor TF, Yang X, et al. 

Modernizing pharmaceutical manufacturing: 

from batch to continuous production. J Pharm 

Innov. 2015;10:191-199. 

 

HOW TO CITE: P. Renuka, K V Ratnamala, S. Poojitha, 

Patient-Centered Artificial Intelligence Approaches in 

Pharmaceutical Formulation Development: A Review, 

Int. J. of Pharm. Sci., 2026, Vol 4, Issue 5, 1826-1833. 

https://doi.org/10.5281/zenodo.20085789 


