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e Physiologically based Methods. This article was developed based on scientific content presented by an
pharmacokinetic expert in PBPK modeling and was complemented by a narrative review of
e Personalized medicine international evidence and regulatory experience. Literature addressing applications
e Stratified medicine of PBPK in the prediction of drug—drug interactions, dose optimization in special
e Individualized medicine populations, regulatory decision-making, virtual populations, model-informed
e PBPK precision dosing, and personalized medicine was reviewed. Policy-relevant

implementation considerations were also examined.

Results. PBPK modeling demonstrated broad applicability across all stages of the
medicine lifecycle, including dose selection, prediction of drug—drug interactions,
assessment of special populations, support for drug labeling decisions, and
advancement of stratified and personalized medicine. Emerging evidence suggests
that combining PBPK with real-world evidence, virtual twin concepts, and
quantitative biological data may reduce uncertainty, improve therapeutic outcomes,
minimize unnecessary clinical studies, and enhance patient safety. Regulatory
experiences indicate an expanding role for PBPK in the development and evaluation
of drugs.

Conclusion. PBPK modeling extends beyond a research tool and represents a
promising decision-support approach for modern healthcare systems. Sustainable
implementation requires strengthening scientific capacity, regulatory readiness, and
data infrastructure.

Practical Implications. Investment in education, infrastructure, regulatory
frameworks, and real-world data integration may facilitate broader implementation
of PBPK-based approaches and support evidence-informed precision medicine.
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Extended Abstract

Background

Interindividual variability in response to medicines
is a major challenge for healthcare systems and
evidence-informed  decision-making.  Although
conventional clinical trials continue to constitute the
foundation of drug approval and therapeutic
evaluation, their restricted populations, controlled
settings, and underrepresentation of vulnerable
groups, including children, older adults, pregnant
women, and patients with comorbidities, limit their
ability to fully predict drug behavior in real-world

conditions.  Consequently, uncertainty  persists
regarding dose optimization, treatment safety, and
effectiveness  across  heterogeneous  patient
populations.

PBPK modeling has emerged as a mechanistic and
systems-oriented approach capable of integrating
physiological, molecular, and biological information
to simulate drug absorption, distribution,
metabolism, and excretion across diverse
populations. Increasing regulatory acceptance by
agencies such as the U.S. Food and Drug
Administration (FDA) and the European Medicines
Agency (EMA) highlights the growing importance of
PBPK as a complementary evidence-generation and
decision-support tool. This article aims to describe
the scientific basis, practical applications, and policy
relevance of PBPK modeling in advancing stratified
and personalized medicine.

Methods

This study was designed as a narrative evidence
synthesis and policy-oriented analytical report rather
than an original experimental investigation. The
manuscript was written based on the scientific
content presented by an expert in PBPK modeling
and subsequently expanded through structured
review and synthesis of international scientific
evidence and regulatory experiences relevant to
healthcare decision-making.

The evidence base consisted of published
international studies addressing key applications of
PBPK, including prediction of drug-drug
interactions (DDIls), dose optimization in special

populations, support for drug labeling decisions,
model-informed precision dosing (MIPD), virtual
population development, virtual twin concepts, and
integration of PBPK with real-world evidence.
Additional emphasis was placed on examples
demonstrating the role of quantitative proteomics,
liguid biopsy approaches, and physiologically
informed extrapolation techniques.

International ~ regulatory  documents  and

implementation experiences from organizations,
including the FDA and EMA, were reviewed to
evaluate how PBPK has been incorporated into drug
development and regulatory evaluation pathways.
Selected case studies, including telithromycin,
rivaroxaban, validated virtual populations, and
PBPK-enabled regulatory decisions, were analyzed
to illustrate real-world applications of mechanistic
pharmacokinetic modeling.
Beyond scientific  evidence, implementation
considerations  for healthcare systems  were
incorporated into the analytical framework. Particular
attention was given to infrastructure requirements,
regulatory readiness, data availability, workforce
development, and challenges associated with
introducing PBPK approaches into national health
systems. Policy recommendations and
implementation options were derived through the
synthesis of scientific findings and contextual
interpretation of practical barriers and opportunities
relevant to the broader adoption of PBPK.

Given that this study relied exclusively on
published evidence and expert scientific content, no
primary patient-level data collection, ethical approval
process, or original experimental intervention was
conducted.

Results

The findings demonstrate that PBPK modeling has
evolved from a research-oriented simulation method
into a broader decision-support framework applicable
across multiple stages of the medicine lifecycle.
From a scientific perspective, PBPK differs
fundamentally  from  conventional  population
pharmacokinetic approaches because it relies on a
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mechanistic representation of physiological systems
rather than empirical average estimates. By
integrating drug-specific parameters  with
physiological characteristics such as organ function,
blood flow, transporter activity, and metabolic
enzyme abundance, PBPK facilitates the prediction
of drug behavior across diverse populations.

The evidence reviewed in this study showed rapid
global expansion in the use of PBPK models.
Bibliometric analyses identified accelerated growth
of PBPK-related publications over recent years, with
great emphasis on drug—drug interactions, vulnerable
populations, and innovative drug development.
Regulatory evidence further demonstrated increasing
incorporation of PBPK into regulatory submissions
and medicine evaluations.

Applications identified in this review included dose
selection in patients with hepatic and renal
impairment, pediatric extrapolation, optimization of
clinical trial design, prediction of drug—drug
interactions, and reduction of unnecessary clinical
studies. Regulatory implementation has extended
beyond theoretical modeling toward practical
decision-making in labeling modifications and post-
marketing evidence generation.

Emerging developments indicate that PBPK
increasingly intersects with personalized medicine
strategies. Integration with quantitative proteomics,
liquid biopsy technologies, virtual populations, and
virtual twin concepts allows simulation at the
individual patient level. Evidence from model-
informed precision dosing demonstrated the potential
to reduce variability in drug exposure and improve
individualized treatment strategies.

Despite  these opportunities, implementation
challenges remain significant. Major barriers include
insufficient physiological and real-world datasets,
limited regulatory frameworks for accepting model-
based evidence, inadequate trained workforce
capacity, restricted industry engagement, and
significant infrastructure requirements. The findings
suggest that successful implementation requires
gradual integration supported by education,
regulatory development, computational capacity, and
systematic generation of contextual evidence.

Conclusion

PBPK modeling represents a transition from
traditional empirical pharmacokinetic approaches
toward mechanistic, evidence-informed, and patient-
oriented decision-making. The findings of this study
suggest that PBPK has the potential to reduce
uncertainty in drug evaluation, improve dose
optimization, strengthen  prediction of drug
interactions, and support regulatory and clinical
decisions across diverse populations.

However, realizing these benefits requires more
than  technological advancement.  Sustainable
implementation depends on coordinated investment
in scientific capacity, regulatory preparedness, data
infrastructure,  computational ~ resources, and
integration with real-world evidence generation. A
phased transition from research-focused applications
to structured use in regulatory evaluation and
personalized healthcare may provide a feasible
pathway to adopt PBPK approaches and support the
broader movement toward precision medicine.
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