
Commentary
Volume 10:06, 2025

ISSN: 2577-0535 Open Access

Journal of Cancer Clinical Trials

Optimizing Oncology Drug Dosing For Better Care
Sun-Young Choi*
Department of Oncology and Therapeutic Trials, Baekdu Medical College, Busan, South Korea

Introduction

Optimizing drug dosage in oncology clinical trials is a critical endeavor, aiming
to maximize therapeutic efficacy while simultaneously minimizing patient toxicity.
This intricate process necessitates innovative trial designs that can dynamically
adapt to individual patient responses and their unique genomic profiles, usher-
ing in an era of personalized medicine. Adaptive designs, for instance, offer a
flexible framework that allows for modifications during the trial based on accumu-
lating data, thereby enhancing efficiency and ethical considerations. Bayesian
methods, another key strategy, leverage prior knowledge and continuously up-
date probability distributions to inform dose selection, leading to more informed
and often faster decision-making. The integration of pharmacogenomics-driven
approaches is also paramount, enabling a deeper understanding of how genetic
variations influence drug metabolism and efficacy. This personalized dosing strat-
egy ultimately holds the potential to significantly improve patient outcomes and
streamline the overall efficiency of clinical trials. The pursuit of optimal dosing is
further advanced bymodel-based designs, whichmove beyond traditional methods
to more efficiently and ethically select doses for novel cancer therapeutics. These
designs, often employing Bayesian statistics and pharmacologically-guided dose
escalation, allow for the incorporation of prior information and the continuous re-
finement of toxicity and efficacy estimates. Such approaches facilitate a quicker
identification of the maximum tolerated dose (MTD) or the optimal biological dose
(OBD), which are crucial benchmarks for further drug development. The advent of
artificial intelligence (AI) and machine learning (ML) presents a transformative op-
portunity for dose optimization within oncology clinical trials. These sophisticated
technologies possess the capability to analyze vast and complex datasets, en-
compassing patient genomics, biomarkers, and detailed treatment response his-
tories. By discerning intricate patterns within this data, AI and ML can predict
highly personalized dosing strategies, thereby enhancing drug efficacy and sub-
stantially reducing the incidence of adverse events. Adaptive clinical trial designs
are fundamentally crucial for achieving efficient dose optimization in oncology.
These designs are specifically engineered to permit pre-specified modifications to
key trial parameters, such as sample size or dosage levels, contingent upon the
analysis of accumulating data throughout the trial. This inherent flexibility allows
clinical trials to converge more rapidly on the identification of optimal therapeutic
doses, a benefit that is particularly pronounced in early-phase oncology studies, ul-
timately conserving valuable resources and accelerating the overall drug develop-
ment timeline. Pharmacogenomics stands as a cornerstone in the personalization
of cancer treatment and the precise optimization of drug dosages. By elucidat-
ing how an individual patient’s genetic makeup profoundly influences their drug
metabolism and subsequent response to therapy, clinicians are empowered to tai-
lor drug doses. This tailored approach aims to achieve the maximum possible
therapeutic benefit while diligently minimizing potential toxicity, a strategy that is
indispensable for the effective utilization of advanced targeted therapies and im-
munotherapies. Bayesian optimal interval (BOIN) designs represent a powerful

and statistically efficient class of adaptive methodologies specifically developed
for dose-finding studies in oncology. These designs confer significant ethical ad-
vantages by enabling dose modifications to be made dynamically based on the
real-time observed toxicity data. Their proficient implementation can markedly ex-
pedite the identification of the maximum tolerated dose (MTD), ensuring that fewer
patients are unnecessarily exposed to either sub-therapeutic or excessively toxic
drug regimens. The development of novel cancer immunotherapies, a rapidly ad-
vancing field, inherently necessitates the refinement of dose-finding strategies be-
yond conventional approaches. Traditional dose-escalation schemes may prove
suboptimal for immunotherapeutic agents that exhibit complex pharmacodynamic
effects or idiosyncratic immune-related toxicities. Therefore, the exploration and
implementation of investigational designs that strategically incorporate biomarker
assessments and early efficacy endpoints are vital for more efficiently identify-
ing the optimal doses for these novel immunotherapies. The historically prevalent
3+3 design, while foundational, is increasingly demonstrating limitations in its ef-
ficiency for dose-finding in contemporary oncology trials, particularly when deal-
ing with the complexities of targeted therapies and immunotherapies. Its inherent
inability to fully capitalize on cumulative toxicity data and adapt dynamically to nu-
anced dose-toxicity relationships renders it less optimal when contrasted withmore
sophisticated model-based designs. Consequently, a critical re-evaluation and ex-
ploration of alternative designs are essential to enhance patient safety and expe-
dite crucial decision-making processes in drug development. The dose-expansion
cohort strategy serves as a vital and integral component within the framework of
adaptive oncology trials, providing a mechanism for the rapid exploration of ther-
apeutic efficacy at selected, promising dose levels. Following the initial phase
of dose escalation, predefined cohorts of patients are enrolled to receive the pre-
sumed optimal dose, thereby facilitating the collection of preliminary yet crucial
efficacy data. This strategic approach significantly accelerates the transition to
later-phase studies and provides essential data to inform dose selection for pivotal
Phase III trials, ultimately streamlining the path to potential regulatory approval.
The increasing utilization of real-world data (RWD) and the subsequent genera-
tion of real-world evidence (RWE) are proving to be invaluable for refining dose
optimization strategies in oncology. By meticulously analyzing RWD derived from
diverse sources such as electronic health records, patient registries, and insurance
claims databases, researchers can gain profound insights into drug effectiveness
and toxicity profiles across broad and heterogeneous patient populations, extend-
ing beyond the controlled environment of clinical trials. This supplementary data
can significantly enhance and refine the dosing strategies informed by traditional
trial data.

Description

Optimizing drug dosage in oncology clinical trials is a critical undertaking, focused
on maximizing therapeutic efficacy while minimizing patient toxicity. This com-

Page 1 of 3



Choi S. J Cancer Clin Trials, Volume 10:6, 2025

plex process demands innovative trial designs that can adapt to individual pa-
tient responses and genomic profiles, paving the way for personalized medicine.
Adaptive designs provide a flexible framework, allowing modifications during tri-
als based on accumulating data, thus improving efficiency and ethical considera-
tions. Bayesian methods utilize prior knowledge and continuously update proba-
bility distributions for informed dose selection, leading to faster decision-making.
Pharmacogenomics-driven approaches are crucial for understanding genetic vari-
ations that influence drug metabolism and efficacy, enabling personalized dosing
to improve patient outcomes and trial efficiency. Dose-finding studies for novel
cancer therapeutics are increasingly adopting innovative designs beyond tradi-
tional 3+3 methods, moving towards more efficient and ethical dose selection.
Model-based designs, incorporating Bayesian statistics and pharmacologically-
guided escalation, leverage prior knowledge and continuously update toxicity
and efficacy estimates, facilitating faster identification of the maximum tolerated
dose (MTD) or optimal biological dose (OBD). The integration of artificial intelli-
gence (AI) and machine learning (ML) into oncology clinical trials offers significant
promise for dose optimization. These technologies analyze extensive datasets,
including patient genomics, biomarkers, and treatment responses, to predict opti-
mal dosing strategies for individual patients, thereby enhancing drug efficacy and
reducing adverse events. Adaptive clinical trial designs are fundamental for effi-
cient dose optimization. These designs allow pre-specified modifications to trial
parameters, such as sample size or dosage levels, based on accumulating data.
This flexibility enables trials to convergemore rapidly on optimal doses, particularly
in early-phase oncology studies, saving resources and accelerating drug develop-
ment. Pharmacogenomics plays a vital role in personalizing cancer treatment and
optimizing drug dosages. By understanding how an individual’s genetic makeup
influences drug metabolism and response, clinicians can tailor doses to achieve
maximum therapeutic benefit and minimize toxicity. This approach is essential
for the effective use of targeted therapies and immunotherapies. Bayesian opti-
mal interval (BOIN) designs represent a powerful class of adaptive methods for
dose-finding in oncology trials. These designs offer statistical efficiency and ethi-
cal advantages by allowing for dose modifications based on observed toxicity data,
leading to quicker identification of the maximum tolerated dose (MTD) with fewer
patients exposed to sub-therapeutic or overly toxic doses. The development of
novel cancer immunotherapies necessitates refined dose-finding strategies. Tra-
ditional dose-escalation schemesmay not be optimal for agents with complex phar-
macodynamic effects or immune-related toxicities. Investigational designs that in-
corporate biomarker assessments and early efficacy endpoints can help identify
optimal immunotherapeutic doses more efficiently. The 3+3 design, while histor-
ically prevalent, faces limitations in its efficiency for dose-finding in modern on-
cology trials, especially with targeted therapies and immunotherapies. Its inability
to fully leverage cumulative toxicity data and adapt to dose-toxicity relationships
makes it less optimal compared to model-based designs, highlighting the need to
explore alternatives for better patient safety and faster decision-making. The dose-
expansion cohort strategy is a vital component of adaptive oncology trials, enabling
rapid exploration of efficacy at selected doses. After initial dose escalation, pre-
defined cohorts receive the presumed optimal dose to gather preliminary efficacy
data, accelerating the transition to later-phase studies and informing dose selec-
tion for Phase III trials. Real-world data (RWD) and real-world evidence (RWE)
are increasingly utilized to inform dose optimization in oncology. Analyzing RWD
from electronic health records, registries, and insurance claims provides insights
into drug effectiveness and toxicity across diverse patient populations outside con-
trolled trial settings, supplementing trial data and refining dosing strategies.

Conclusion

Optimizing drug dosage in oncology is paramount for maximizing efficacy andmin-
imizing toxicity. This involves innovative designs like adaptive trials and Bayesian
methods that adjust based on patient responses and genomic data. Pharmacoge-
nomics enables personalized dosing by considering genetic variations, improving
outcomes for targeted and immunotherapies. Model-based designs and AI/ML fur-
ther enhance dose selection efficiency by analyzing complex data and predicting
optimal strategies. Traditional methods like the 3+3 design are being surpassed by
more efficient alternatives. Dose-expansion cohorts and real-world data are also
crucial for refining dosing strategies and accelerating drug development, ultimately
leading to better patient care.
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