Clinical Pharmacology &
Biopharmaceutics

ISSN: 2167-065X

Roelie, Clin Pharmacol Biopharm 2024, 13:9

Precision Dosing in Oncology: Exploring Pharmacokinetics of Next-

Generation Therapeutics

Roelie Zafar*

Department of Pediatric Hematology/ Oncology and Bone Marrow Transplant Unit, University of Child Health Sciences, Pakistan

Abstract

therapeutic indices and reducing toxicity in cancer patients.

L

Precision dosing in oncology represents a transformative approach in cancer treatment, tailored to maximize
therapeutic efficacy while minimizing adverse effects. This approach is particularly relevant in the context of next-
generation therapeutics, including targeted therapies and immunotherapies, which exhibit complex pharmacokinetic
(PK) profiles. Understanding the intricate dynamics of drug absorption, distribution, metabolism, and excretion is
critical for optimizing dosing regimens. This review explores the pharmacokinetics of emerging oncological agents,
emphasizing the role of PK modeling and simulations in predicting optimal dosing strategies. The integration of patient-
specific factors such as genetic variations, organ function, and drug-drug interactions is discussed, highlighting its
impact on personalized treatment plans. Advances in precision dosing methodologies, including the use of biomarkers
and real-time therapeutic drug monitoring, are evaluated for their potential to enhance clinical outcomes. The challenges
and future directions in implementing precision dosing in clinical practice are also addressed, with a focus on improving
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Introduction

The advent of precision medicine has revolutionized the landscape
of oncology, shifting the focus from a one-size-fits-all approach to
individualized treatment strategies tailored to each patient's unique
genetic, environmental, and lifestyle factors. Among the critical
components of precision medicine is the concept of precision dosing,
which aims to optimize therapeutic efficacy while minimizing toxicity
and adverse effects. In oncology, where treatment regimens can vary
significantly based on tumor biology and patient characteristics,
precise dosing is paramount.

Next-generation therapeutics, including targeted therapies
and immunotherapies, have emerged as transformative options in
the fight against cancer. Unlike traditional chemotherapy, which
indiscriminately targets rapidly dividing cells, these novel agents are
designed to exploit specific molecular targets associated with cancer
cells. This specificity has led to improved response rates and better
overall survival in various malignancies. However, the pharmacokinetic
(PK) profiles of these next-generation agents can be complex, with
significant variability among individual [1].

Pharmacokinetics involves the study of how drugs are absorbed,
distributed, metabolized, and excreted in the body. Understanding
the PK characteristics of next-generation therapeutics is essential
for developing effective dosing regimens that consider factors
such as bioavailability, half-life, and clearance rates. Individual
patient variables, including age, weight, organ function, and genetic
polymorphisms, further complicate PK considerations, necessitating a
more personalized approach to dosing.

Recent advances in pharmacokinetic modeling and simulation
techniques provide valuable tools for predicting drug behavior
in specific patient populations. By integrating clinical data with
mathematical models, healthcare providers can better anticipate how a
drug will perform in an individual, allowing for more accurate dosing
recommendations. Additionally, the emergence of biomarkers has

facilitated the identification of patients more likely to benefit from
specific therapies, enhancing the precision of treatment decisions [2].

Real-time therapeutic drug monitoring (TDM) has gained traction
in oncology as a means to ensure optimal drug levels are maintained
within the therapeutic window. TDM can be particularly beneficial for
agents with narrow therapeutic indices, where small deviations in drug
concentration can lead to suboptimal efficacy or increased toxicity. By
continuously assessing drug levels and adjusting doses accordingly,
clinicians can enhance treatment outcomes and improve patient safety.

Despite the promise of precision dosing, several challenges remain.
The complexity of drug interactions, the impact of concomitant
medications, and variations in tumor microenvironments can
all influence pharmacokinetic —outcomes. Furthermore, the
implementation of precision dosing methodologies in clinical practice
requires a shift in current treatment paradigms, including training
healthcare providers and establishing standardized protocols. [1].

In summary, precision dosing in oncology is a crucial aspect of
optimizing treatment with next-generation therapeutics. By exploring
the pharmacokinetics of these agents, healthcare providers can
develop more effective and individualized treatment strategies. As the
field continues to evolve, ongoing research and collaboration among
clinicians, pharmacologists, and researchers will be vital in realizing
the full potential of precision dosing in enhancing patient outcomes
in cancer therapy.
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This review synthesizes existing literature on precision dosing
in oncology, specifically focusing on the pharmacokinetics of next-
generation therapeutics. A systematic approach was employed to
evaluate studies that report on the PK characteristics, dosing strategies,
and patient outcomes associated with these innovative cancer
treatments [3].

Literature search

A comprehensive literature search was conducted using multiple
databases, including PubMed, Scopus, and Web of Science. The
search terms included ‘precision dosing," “pharmacokinetics,"
"next-generation therapeutics," "oncology," "targeted therapies,” and
"immunotherapies." The search was limited to articles published in
English from 2010 to the present. Inclusion criteria encompassed
clinical trials, pharmacokinetic studies, and review articles that
addressed the pharmacokinetics and dosing optimization of next-
generation oncological agents [4].

Selection criteria

The selection process involved a two-step screening approach.
Initially, titles and abstracts were reviewed to determine relevance
based on the inclusion criteria. Full texts of selected articles were then
evaluated for the following:

1. Study design (e.g., clinical trial, observational study)

2. Patient population characteristics (e.g., age, cancer type,
prior treatments)

3. Therapeutic agents analyzed

4. Pharmacokinetic parameters reported (e.g., absorption,
distribution, metabolism, elimination)

5. Methodologies employed for dosing recommendations (e.g.,
modeling, simulation, biomarker integration)

Articles that did not meet these criteria or lacked sufficient detail
on pharmacokinetics were excluded.

Data extraction

Data were extracted from the included studies and organized into
predefined categories:

Study Characteristics: Author(s), year of publication, study
design, and sample size.

Patient Population: Demographics and clinical characteristics of
participants [5].

Therapeutic Agents: List of next-generation therapeutics evaluated.

Pharmacokinetic Data: Key PK parameters (e.g., clearance,
volume of distribution, half-life).

Dosing Strategies: Approaches utilized for precision dosing,
including biomarker-guided strategies and therapeutic drug
monitoring.

Outcomes: Clinical outcomes, including efficacy and safety profiles
associated with the dosing strategies [6].

methodologies applied were categorized and analyzed. The following
aspects were considered:

Modeling Approaches: Population PK modeling, mechanistic
modeling, or simulation techniques.

Software Tools: Use of specific software for modeling (e.g.,
NONMEM, Phoenix WinNonlin).

Validation: Description of validation techniques used to confirm
model accuracy, such as visual predictive checks and bootstrap
methods [7].

Ethical considerations

As this study involved the analysis of published literature and
did not involve human subjects or animal research, ethical approval
was not required. However, all included studies were reviewed to
ensure adherence to ethical standards, including patient consent and
institutional review board approval, where applicable [8].

Data synthesis

The extracted data were synthesized qualitatively, with a focus
on identifying trends and gaps in the literature regarding the
pharmacokinetics of next-generation therapeutics in oncology. Key
themes emerged from the analysis, including the impact of patient-
specific factors on drug response, the role of real-time monitoring in
dosing adjustments, and the challenges associated with implementing
precision dosing strategies in clinical practice [9].

Statistical analysis

Descriptive statistics were used to summarize the demographic
and clinical characteristics of the studies reviewed. Statistical methods,
including meta-analysis, were considered where applicable to quantify
the relationships between pharmacokinetic parameters and clinical
outcomes. However, due to the heterogeneity of the studies, the focus
remained primarily on qualitative synthesis.

By employing this systematic methodology, this review aims to
provide a comprehensive overview of precision dosing in oncology
and the pharmacokinetics of next-generation therapeutics, ultimately
contributing to the advancement of personalized cancer treatment
strategies [10].

Discussion

The emergence of next-generation therapeutics has significantly
transformed the treatment landscape in oncology, allowing for more
targeted and effective interventions. However, the pharmacokinetics
of these agents can be complex and variable, emphasizing the need
for precision dosing to optimize treatment outcomes. This review
highlights the critical role that understanding pharmacokinetics plays
in the development and application of precision dosing strategies in
oncology.

One of the key findings of this review is the considerable
interindividual variability in drug response associated with next-
generation therapeutics. Factors such as genetic polymorphisms, age,
sex, body composition, and organ function can profoundly influence
drug metabolism and clearance. For instance, polymorphisms in drug-
metabolizing enzymes, such as cytochrome P450 isoenzymes, can
lead to altered drug exposure and therapeutic efficacy. This variability
underscores the importance of personalized treatment plans that take
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into account individual patient characteristics.

Incorporating pharmacokinetic modeling into clinical practice
offers a promising approach to enhance precision dosing. Population
pharmacokinetic models can help predict drug behavior across diverse
patient populations, providing insights into optimal dosing regimens.
By utilizing simulations, clinicians can anticipate the effects of various
dosing strategies, thereby minimizing trial-and-error approaches that
could lead to suboptimal treatment outcomes. The integration of PK
modeling with electronic health records and real-time patient data
could further improve the precision of these models, facilitating more
accurate dosing adjustments in practice.

Moreover, biomarkers have emerged as vital tools in precision
dosing, allowing for the identification of patients most likely to
benefit from specific therapies. For instance, the presence of specific
genetic mutations or protein expressions can guide the selection of
targeted therapies and inform dosing decisions. Real-time therapeutic
drug monitoring (TDM) enhances this approach by providing
dynamic insights into drug levels in patients, allowing for timely dose
adjustments to maintain optimal therapeutic ranges. Implementing
TDM in routine clinical practice could significantly improve patient
outcomes, particularly for drugs with narrow therapeutic indices.

Despite the promise of precision dosing, challenges remain in
its widespread implementation. The complexity of cancer biology,
variability in tumor microenvironments, and the potential for drug-
drug interactions complicate the pharmacokinetics of next-generation
agents. Furthermore, there is a need for standardized protocols and
guidelines for incorporating precision dosing strategies into clinical
practice. Training healthcare providers in these methodologies will be
essential to ensure effective implementation.

Additionally, the healthcare system must support the integration
of precision dosing into routine care. This includes investing in
technologies for real-time monitoring, enhancing collaboration among
multidisciplinary teams, and ensuring access to genetic testing and
biomarker analysis. Addressing these systemic barriers will be crucial
in realizing the full potential of precision dosing in oncology.

Future research should focus on refining pharmacokinetic models
to better account for patient variability and the dynamic nature
of cancer treatments. Investigating the impact of combining next-
generation therapeutics with conventional treatments and exploring the
implications of polypharmacy in cancer patients will also be essential.
Furthermore, large-scale clinical trials that evaluate the efficacy of
precision dosing strategies compared to traditional approaches will
provide the necessary evidence to support their adoption.

In conclusion, precision dosing represents a paradigm shift
in oncology, promising to enhance the efficacy and safety of
next-generation therapeutics. By prioritizing pharmacokinetic
understanding and integrating advanced modeling, biomarkers, and
real-time monitoring into clinical practice, healthcare providers can
develop more personalized treatment strategies. As the field continues
to evolve, addressing existing challenges and fostering collaboration
will be key to improving patient outcomes and advancing the future
of cancer care.

Conclusion

The integration of precision dosing in oncology represents a
transformative advancement in the management of cancer, particularly
with the introduction of next-generation therapeutics. As traditional
treatment paradigms evolve, the ability to tailor dosing strategies based

on individual patient characteristics becomes increasingly crucial for
maximizing therapeutic efficacy and minimizing adverse effects. This
review highlights the importance of understanding pharmacokinetics
as a foundation for developing effective precision dosing approaches.

Pharmacokinetics provides essential insights into how drugs
behave within the body, offering a framework for predicting individual
responses to therapy. With the variability inherent in drug absorption,
distribution, metabolism, and excretion, it is clear that a one-size-
fits-all approach is inadequate for achieving optimal outcomes in
cancer treatment. Personalized treatment plans that consider genetic,
physiological, and environmental factors will enhance the precision
of dosing, leading to improved patient responses and better overall
survival rates.

Advancements in pharmacokinetic modeling and simulation
technologies further enhance the feasibility of precision dosing. By
employing population pharmacokinetic models and real-time data
analysis, clinicians can make informed decisions about drug dosing
that are tailored to the unique needs of each patient. This dynamic
approach reduces the reliance on empirical dosing strategies and helps
to mitigate the risks associated with inadequate or excessive drug
exposure.

The role of biomarkers in guiding precision dosing cannot
be overstated. Identifying specific genetic mutations and protein
expressions allows healthcare providers to select therapies that are
more likely to be effective for individual patients, thereby enhancing
treatment outcomes. Additionally, real-time therapeutic drug
monitoring serves as a valuable tool for ensuring that drug levels
remain within the therapeutic window, enabling timely adjustments to
dosing as needed.

However, the successful implementation of precision dosing in
oncology is not without challenges. Systemic barriers, such as the
complexity of cancer biology, the potential for drug interactions, and
the need for standardized protocols, must be addressed to facilitate
widespread adoption. Moreover, continued education and training
for healthcare providers in precision dosing methodologies will be
essential to ensure effective application in clinical practice.

Future research is crucial for further elucidating the intricacies
of pharmacokinetics associated with next-generation therapeutics.
Investigating the interplay between these therapeutics and traditional
cancer treatments, as well as the implications of concurrent medication
use, will provide valuable insights into optimizing dosing strategies.
Large-scale clinical trials evaluating the efficacy of precision dosing
compared to conventional approaches are necessary to build a robust
evidence base supporting its implementation.

In summary, precision dosing is a critical component of modern
oncology that holds the potential to revolutionize cancer treatment.
By prioritizing pharmacokinetic understanding, leveraging advanced
modeling and monitoring techniques, and incorporating biomarker-
guided strategies, healthcare providers can enhance the personalization
of cancer therapies. As the field continues to advance, a collaborative
effort among researchers, clinicians, and healthcare systems will be
essential to overcoming existing challenges and fully realizing the
benefits of precision dosing for improved patient outcomes in oncology.

References

1. Vitacolonna KF (2010) Balancing regulations related to medication
management, pharmacy practice initiatives, complexity of health-systems,
available resources, and patient safety Balancing regulations related to
medication management, pharmacy practice initiatives, complexity of health-
systems, available resources, and patient safety. J Pharm Pract 23: 592-593.

Clin Pharmacol Biopharm, an open access journal
ISSN: 2167-065X

Volume 13 + Issue 9 + 1000493


https://journals.sagepub.com/doi/10.1177/0897190010383675
https://journals.sagepub.com/doi/10.1177/0897190010383675
https://journals.sagepub.com/doi/10.1177/0897190010383675
https://journals.sagepub.com/doi/10.1177/0897190010383675
https://journals.sagepub.com/doi/10.1177/0897190010383675

Citation: Roelie Z (2024) Precision Dosing in Oncology: Exploring Pharmacokinetics of Next-Generation Therapeutics. Clin Pharmacol Biopharm,

13:493.

Page 4 of 4

Kavanagh ON, Moriarty F, Bradley C, Hagan JO, Stack G, et al. (2020) More
than coffee — a world café to explore enablers of pharmacy practice research.
Int J Pharm Pract 28: 512-521.

Nadeem MF, Samanta S, Mustafa F (2021) Is the paradigm of community
pharmacy practice expected to shift due to COVID-19?. Res Social Adm
Pharm 17; 2046-2048.

. Tortajada B, Morillo R, Margusino L, Marcos J A, Llamazares F et al. (2020)
Survey on the situation of telepharmacy as applied to the outpatient care in
hospital pharmacy departments in Spain during the COVID-19 pandemic. Farm
Hosp 44: 135-140.

Santos PV, Maria R, Ernesto S, Maria D (2021) Implementation of a novel
home delivery service during pandemic. Eur J Hosp Pharm 28: 120-123.

. Whitty JA, Kendall E, Sav A, Michelle AK, Amanda JW, et al. (2015)

Preferences for the delivery of community pharmacy services to help manage
chronic conditions. Res Social Adm Pharm 11: 197-215.

Goode J V, Owen J, Page A, Gatewood S (2019) Community-based pharmacy
practice innovation and the role of the community-based pharmacist practitioner
in the United States.

Duru OK, Schmittdiel JA, Dyer WT, James C, Andrew JK, et al. (2010) Mail-

order pharmacy use and adherence to diabetes-related medications. Am J

o

Manag Care 16: 33-40.

Renfro CP, Urick BY, Mansour MA, Ferreri SP (2019) Pharmacy characteristics
correlating to performance in a community pharmacy network. J Am Pharm
Assoc 59: 275-279.

. Bartlett RJ, Hertz D, Callahan P, Ruppar TM (2020) Self-reported nonadherence

associated with pharmacy and home medication management inconvenience
factors in a US adult population. Patient Prefer Adherence 14: 529-539.

Clin Pharmacol Biopharm, an open access journal
ISSN: 2167-065X

Volume 13 + Issue 9 + 1000493


https://academic.oup.com/ijpp/article/28/5/512/6133303?login=false
https://academic.oup.com/ijpp/article/28/5/512/6133303?login=false
https://www.sciencedirect.com/science/article/pii/S1551741120305994?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1551741120305994?via%3Dihub
https://www.researchgate.net/publication/342870630_Survey_on_the_situation_of_telepharmacy_as_applied_to_the_outpatient_care_in_hospital_pharmacy_departments_in_Spain_during_the_COVID-19_pandemic
https://www.researchgate.net/publication/342870630_Survey_on_the_situation_of_telepharmacy_as_applied_to_the_outpatient_care_in_hospital_pharmacy_departments_in_Spain_during_the_COVID-19_pandemic
https://ejhp.bmj.com/content/28/e1/e120
https://ejhp.bmj.com/content/28/e1/e120
https://www.sciencedirect.com/science/article/abs/pii/S1551741114001065?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1551741114001065?via%3Dihub
https://www.mdpi.com/2226-4787/7/3/106
https://www.mdpi.com/2226-4787/7/3/106
https://www.mdpi.com/2226-4787/7/3/106
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3015238/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3015238/
https://www.japha.org/article/S1544-3191(18)30584-3/fulltext
https://www.japha.org/article/S1544-3191(18)30584-3/fulltext
https://www.dovepress.com/self-reported-nonadherence-associated-with-pharmacy-and-home-medicatio-peer-reviewed-fulltext-article-PPA
https://www.dovepress.com/self-reported-nonadherence-associated-with-pharmacy-and-home-medicatio-peer-reviewed-fulltext-article-PPA
https://www.dovepress.com/self-reported-nonadherence-associated-with-pharmacy-and-home-medicatio-peer-reviewed-fulltext-article-PPA

	Abstract

