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Abstract 

The development of effective therapies for rare diseases remains a significant challenge due to 

limited patient populations and complex disease mechanisms. Personalized medicine offers 

promising avenues to tailor treatments to individual patients, yet translating preclinical findings 

into clinical success often encounters a substantial translational gap. In vitro–in vivo correlation 

(IVIVC) serves as a critical tool in bridging this gap by enabling the prediction of clinical drug 

behavior from laboratory data. This article explores the pivotal role of IVIVC in advancing 

personalized medicine for rare diseases, highlighting its capacity to optimize dosing, enhance 

drug efficacy, and reduce adverse effects. By examining recent case studies and addressing 

current challenges, this review underscores the potential of IVIVC to transform therapeutic 

strategies, ultimately improving patient outcomes and accelerating drug development in the 

realm of rare diseases. 
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1. Introduction 

Personalized medicine has emerged as a transformative approach in healthcare, focusing on 

tailoring medical treatment to the individual characteristics of each patient. This paradigm shift 

moves away from the traditional ―one-size-fits-all‖ model toward more precise interventions 

based on genetic, environmental, and lifestyle factors. The promise of personalized medicine is 

especially significant in the context of rare diseases, conditions that affect a small percentage of 

the population but collectively impact millions worldwide. Rare diseases are often complex, with 

heterogeneous manifestations and limited treatment options, which pose substantial challenges 

for drug development and clinical management. 

One of the major hurdles in advancing therapies for rare diseases is the translational gap—the 

disconnect between preclinical research findings and successful clinical outcomes. This gap is 

amplified in rare diseases due to small patient cohorts, variability in disease progression, and 

difficulties in conducting large-scale clinical trials. Bridging this gap is crucial to accelerate the 

delivery of effective and safe treatments to patients who urgently need them (Lee et al., 2022). 

In vitro–in vivo correlation (IVIVC) is a scientific methodology that links laboratory-based drug 

dissolution or release profiles (in vitro) to the pharmacokinetic behavior observed in patients (in 

vivo) (Durairaj & Bhattacharya, 2023). IVIVC has proven invaluable in drug development by 

enabling more accurate predictions of clinical performance based on preclinical data. Its 

application can streamline formulation development, reduce the need for extensive clinical trials, 

and ultimately support regulatory decisions. 

This article aims to explore the role of IVIVC in personalized medicine, specifically for rare 

diseases, addressing how this tool can bridge the translational gap. By integrating IVIVC with 
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personalized approaches, there is potential to optimize dosing regimens, enhance therapeutic 

efficacy, and minimize adverse effects tailored to individual patients’ needs. Through reviewing 

current advancements, challenges, and future perspectives, this article highlights the 

transformative impact IVIVC can have in the rare disease treatment landscape. 

 

2. Understanding IVIVC 

In Vitro–In Vivo Correlation (IVIVC) is a predictive mathematical model that establishes a 

relationship between a drug’s in vitro properties, such as dissolution or release rates, and its in 

vivo pharmacokinetic behavior, including absorption, distribution, metabolism, and excretion. 

Essentially, IVIVC aims to predict how a drug will perform in the human body based on 

laboratory tests, reducing reliance on extensive clinical trials (Mitra et al., 2024). 

There are several types of IVIVC, classified primarily by the strength of the correlation: 

● Level A IVIVC is the highest and most informative, representing a point-to-point 

relationship between in vitro dissolution and the in vivo absorption profile. This type 

allows direct prediction of the entire plasma concentration-time curve from in vitro data. 

 

● Level B IVIVC uses statistical moments, such as mean residence time, to correlate in 

vitro and in vivo data but does not provide a direct point-to-point prediction. 

 

● Level C IVIVC correlates a single pharmacokinetic parameter, like peak plasma 

concentration (Cmax) or time to peak concentration (Tmax), with a corresponding in 

vitro measure. This provides limited predictive value. 

 

IVIVC is widely used in drug development for formulation optimization, bioequivalence studies, 

and regulatory submissions. By establishing a reliable IVIVC, developers can predict clinical 

outcomes from in vitro tests, accelerating formulation changes and reducing the need for costly 

and time-consuming human trials. 

Moreover, IVIVC benefits include enhanced understanding of drug release mechanisms, 

improved quality control, and greater confidence in dose adjustments. These advantages make 

IVIVC a powerful tool, particularly when clinical trials are challenging, such as in rare diseases 

where patient populations are small and heterogeneous (Domingues et al., 2023). 

In summary, IVIVC bridges laboratory research with clinical realities, supporting more efficient 

and patient-specific drug development. 

 

3. The Translational Gap in Rare Diseases 

The translational gap refers to the disconnect between promising preclinical research findings 

and their successful application in clinical settings. This gap is particularly pronounced in rare 

diseases due to several unique challenges (Shahiwala, 2025). Rare diseases, by definition, affect 

a very small number of patients, often dispersed geographically, which makes gathering 

sufficient clinical data difficult. The limited patient populations constrain the size and scope of 

clinical trials, reducing statistical power and complicating the interpretation of results. 

Furthermore, rare diseases often involve complex and poorly understood biological mechanisms, 

leading to variability in disease progression and patient responses. This heterogeneity 

complicates the design of standardized treatment protocols and makes it harder to predict 

http://www.jalt.com.pk/


MULTIDISCIPLINARY JOURNAL OF INSTRUCTION (MDJI) 

www. https://journal.mdji.org/ Vol. 7No. 1 (2024) 

 
 
 
 
 
 
 

 
439 

therapeutic outcomes based on preclinical models. Traditional drug development pathways, 

which rely heavily on large-scale, randomized clinical trials, are often not feasible for rare 

diseases. 

Another key factor contributing to the translational gap is the lack of validated biomarkers and 

surrogate endpoints that can reliably measure drug efficacy and safety in rare disease 

populations. Without these tools, translating laboratory findings into clinical benefit becomes 

more uncertain. 

This gap between laboratory and clinical data results in prolonged drug development timelines, 

increased costs, and, most importantly, delayed access to effective therapies for patients with rare 

diseases. Bridging this translational gap requires innovative approaches that can leverage 

preclinical data more effectively to predict clinical outcomes, thus minimizing the need for 

extensive trials (Đorđević et al., 2022). 

In this context, IVIVC emerges as a valuable strategy by offering a scientifically grounded 

method to connect in vitro drug release profiles with in vivo pharmacokinetic behavior. By 

improving the predictability of clinical responses, IVIVC can help overcome some of the key 

barriers in rare disease drug development and accelerate the translation of personalized medicine 

approaches. 

 

4. Role of IVIVC in Personalized Medicine for Rare Diseases 

In personalized medicine, tailoring treatments to an individual’s unique biological makeup is 

critical, especially in the context of rare diseases where patient variability can be substantial. 

IVIVC plays a crucial role in this setting by providing a predictive framework that links 

laboratory drug release profiles with patient-specific pharmacokinetic responses. 

By utilizing IVIVC, researchers and clinicians can better understand how variations in drug 

formulation and patient physiology affect drug absorption and efficacy (Chakravarty et al., 

2021). This enables optimization of dosing regimens tailored to the individual, reducing the risk 

of under- or over-dosing, which is especially important for rare disease patients who may have 

altered metabolism or sensitivity to medications. 

IVIVC also supports the development of personalized drug formulations, such as modified-

release or targeted delivery systems, by predicting how these changes will perform in vivo. This 

predictive capability helps streamline formulation adjustments without the need for extensive 

clinical testing, which is often impractical in rare disease populations. 

Moreover, IVIVC can facilitate regulatory approval processes by providing robust evidence 

linking in vitro data to clinical outcomes. This can expedite the availability of personalized 

therapies for rare diseases, where the urgency of unmet medical needs demands faster 

development pathways (Joyce et al., 2024). 

Examples of IVIVC’s application in rare diseases include optimizing enzyme replacement 

therapies and individualized dosing in metabolic disorders, where precise control over drug 

exposure can significantly impact treatment success. 

IVIVC acts as a vital bridge in personalized medicine by translating laboratory findings into 

clinically relevant information, improving therapeutic precision, and ultimately enhancing 

patient outcomes in rare diseases. 

 

5. Case Studies / Recent Advances 
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Several recent studies demonstrate the growing impact of IVIVC in bridging the translational 

gap for rare diseases and advancing personalized medicine. 

One notable example involves enzyme replacement therapies (ERT) for lysosomal storage 

disorders, such as Gaucher and Fabry diseases. Researchers have applied IVIVC models to 

optimize dosing strategies, predicting plasma drug levels from in vitro enzyme activity assays. 

This approach helped tailor individualized dosing regimens, improving clinical efficacy while 

minimizing side effects (Rasekh, Arshad, & Ahmad, 2025). 

Another advancement is seen in the development of personalized formulations for cystic fibrosis 

patients. Due to variability in lung function and drug metabolism, IVIVC has been employed to 

predict how different inhaled drug formulations perform in vivo. These predictions guided 

formulation adjustments that enhanced drug delivery efficiency tailored to patient-specific needs. 

Additionally, the integration of IVIVC with emerging technologies such as physiologically based 

pharmacokinetic (PBPK) modeling and artificial intelligence (AI) is pushing the frontier of 

personalized medicine (Zhou et al., 2021). For rare cancers, this combined approach enables 

more accurate simulations of drug behavior in unique patient populations, providing actionable 

insights for dose adjustments and treatment planning. 

These case studies highlight the practical utility of IVIVC in accelerating the translation of 

laboratory data into clinical decision-making. They also demonstrate its role in overcoming the 

logistical and scientific challenges inherent to rare disease drug development, paving the way for 

more effective, individualized therapies. 

 

6. Challenges and Future Perspectives 

While IVIVC offers significant promise in bridging the translational gap for rare diseases, 

several challenges must be addressed to fully realize its potential. Technically, developing robust 

IVIVC models requires comprehensive and high-quality in vitro and in vivo data, which can be 

difficult to obtain given the limited patient numbers and variability in rare disease populations. 

The heterogeneity of rare diseases complicates standardizing dissolution tests and correlating 

them reliably with diverse clinical outcomes (Chacko, Ramachandran, & Sudheesh, 2024). 

Regulatory challenges also exist. Although agencies like the FDA and EMA recognize IVIVC as 

a valuable tool, specific guidelines for its application in personalized medicine and rare diseases 

are still evolving (Jeon, Ayyar, & Mitra, 2022). Ensuring regulatory acceptance requires rigorous 

validation and clear demonstration of clinical relevance, which can be resource-intensive. 

Looking forward, integrating IVIVC with cutting-edge technologies promises to enhance its 

utility. Combining IVIVC with physiologically based pharmacokinetic (PBPK) modeling, 

machine learning, and biomarker-driven approaches can provide more precise, patient-specific 

predictions. These integrations could enable virtual clinical trials, reducing dependence on large 

patient cohorts (Cano-Vega, 2022). 

Moreover, advances in bioanalytical techniques and real-time monitoring may allow dynamic 

IVIVC models that adapt to individual patient responses over time, further supporting 

personalized dosing adjustments (Patel & Patel, 2024). 

In conclusion, while challenges remain, the future of IVIVC in personalized medicine for rare 

diseases is promising. Continued research, technological innovation, and regulatory collaboration 

will be key to overcoming existing barriers and harnessing IVIVC’s full potential to improve 

patient outcomes. 
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7. Conclusion 

Bridging the translational gap remains one of the most critical challenges in developing effective 

therapies for rare diseases. IVIVC emerges as a powerful tool in this endeavor by linking 

laboratory drug release data with clinical pharmacokinetics, thus enabling better prediction of 

drug behavior in patients. Its application supports the principles of personalized medicine by 

allowing more precise dosing and formulation strategies tailored to individual patient needs. 

The integration of IVIVC into rare disease drug development not only accelerates the translation 

of preclinical findings into clinical success but also helps overcome challenges associated with 

limited patient populations and disease heterogeneity. Despite technical and regulatory 

challenges, advancements in modeling technologies and bioanalytical techniques continue to 

enhance the reliability and applicability of IVIVC. 

Looking ahead, the combination of IVIVC with emerging tools like AI, PBPK modeling, and 

biomarker analysis promises to revolutionize personalized medicine approaches, making 

treatments safer and more effective for rare disease patients. Collaboration among researchers, 

clinicians, and regulators will be vital to fully realize the transformative potential of IVIVC. 

Ultimately, embracing IVIVC in the personalized medicine framework can significantly improve 

therapeutic outcomes and quality of life for patients with rare diseases, fulfilling an urgent unmet 

medical need. 
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