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Introduction 
While not an entirely new concept, emergence of precision medicine has 

been catalyzed by the National Institutes of Health (NIH)’s “ Precision 

Medicine Initiative” ( Collins and Varmus, 2015 ). This initiative has goals to 

understand how one’s genetics, environment, and lifestyle can help 

determine the best approach to prevent or treat disease. The “ precision” 

concept was initially interpreted rather narrowly to the clinical 

implementation of pharmacogenomics, but the clinical community 

recognized the importance of broader application to all stages of clinical 

care: prevention, diagnosis, and treatment ( Peck, 2018 ; Verstegen and Ito, 

2019 ). Pharmacotherapy is an important component of treatment phase of 

the clinical care which aims to provide appropriate medicine and dose to 

each patient, which we now call “ precision dosing.” Clinical pharmacologists

and clinical pharmacists have long been applying such concept to drug 

dosing within the framework of “ Therapeutic Drug Monitoring (TDM)” for 

narrow therapeutic index drugs. 

Drugs are generally approved based on “ average” improvement of disease 

outcomes in a population. There are a myriad of factors that contribute to 

variability in drug exposure and response including genetic polymorphisms 

in drug metabolism (e. g., CYP2D6, CYP2C19) and pharmacodynamic targets 

(e. g., HER+ve versus HER-ve), demographic differences (e. g., age, weight), 

drug-drug interactions, hepatic/renal dysfunction, and patient behaviors (e. 

g. adherence). The response here extends from drug-related efficacy to 

safety. 
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There has been a major shift in the drug development paradigm in the past 

few decades where the scientific focus shifted from “ confirming” efficacy to 

“ learning” drug exposure-response relationships ( Sheiner, 1997 ). The most

important enabler of this shift was the development of a pharmacostastical 

modeling methodology, nonlinear mixed effects modeling (NLME), that can 

analyze sparsely sampled exposure and response data ( Sheiner and Beal, 

1980 ; Sheiner and Beal, 1981 ; Sheiner and Beal, 1983 ). The original intent 

was to use the methodology to study patient populations by utilizing 

routinely collected TDM data. 

Simplistically, a model is a set of mathematical expressions that characterize

drug absorption, distribution, metabolism, and elimination. Any response, 

safety or efficacy, may be assumed to be a function of the drug exposure. 

Such models can be expanded to include characteristics related to the 

patient (e. g., age, weight, adherence, maturation, and/or polymorphisms of 

metabolic enzymes, sensitivity); drug (e. g., solubility, lipophilicity, potency); 

and disease (e. g., baseline severity, resistance). Advances in computational 

methodology and power has opened up the possibility of studying exposure-

response relationships of new drugs in late phase clinical trials in actual 

patients where the blood sampling is very limited. The application of these 

modeling and simulation (M&S) tools in drug development evolved into the 

field of “ pharmacometrics” which became a branch of clinical 

pharmacology. Model based approaches have been well accepted by 

regulatory agencies with the issuance of guidance documents on how to 

conduct and report such analyses ( Wang et al., 2019 ). The use of 

quantitative clinical pharmacology principles has brought considerable 
https://assignbuster.com/broader-implications-of-modeling-and-simulation-
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efficiencies in drug development in many areas (dose, trial design, sample 

size, identifying appropriate patient population, etc.). 

One may intuitively assume that the next logical step would be a comparable

implementation of model-based approaches in clinical practice thereby 

bringing about “ precision dosing” ( Neely and Jelliffe, 2010 ). While this has 

not been the case, a considerable scientific progress has been made 

demonstrating improved patient outcomes and cost-effectiveness due to 

precision dosing ( Vinks et al., 2020 ). This commentary discusses the need 

of adopting such tools for better pharmacotherapy in two of the most 

vulnerable populations, pediatrics, and geriatrics. 

Dosing in Pediatric Population 
Optimizing pharmacotherapy in the pediatric population has its unique set of

challenges. Historically, medications in pediatrics were often used off-label, 

based on limited pediatric evidence from case reports or small studies. In 

fact, before the enactment of the 1997 U. S. FDA Modernization Act, only 

about 30% of FDA approved medications were indicated for pediatrics ( U. S. 

Department of Health and Human Services and Food and Drug 

Administration Center for drug evaluation and research, 2007 ). Lacking 

evidence in comparison to that of adults, pediatrics are more vulnerable to 

receiving subtherapeutic or supratherapeutic dosing of medications ( Barker 

et al., 2018 ). 

Moreover, the heterogeneous characteristics of pediatrics contribute to the 

challenges of medication dosing. The age of pediatric patients ranges from 

birth to 18 years old, encompassing neonates, infants, children, and 
https://assignbuster.com/broader-implications-of-modeling-and-simulation-
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adolescents. Particularly in neonates, there is an added component of 

gestational age and postmenstrual age to account for when dosing 

medications. The body weight and body surface area are factors that also 

have a wide spectrum within the population ( Barker et al., 2018 ). Other 

developmental changes in pediatrics include, but are not limited to, 

metabolic capacity of enzymes such as the cytochrome P-450 isoforms 

(CYPs), distribution sites, gastrointestinal function, and renal function (

Kearns et al., 2003 ). As such, the anatomic and physiologic development 

can vary vastly in pediatrics, posing as additional obstacles to optimizing 

pharmacotherapy in individual patients. 

Dosing in Geriatric Population 
Individualized dosing and therapeutic decision-making for geriatric patients 

in clinical practice is of utmost importance. The geriatric population is the 

fastest growing population in the United States, largely due to the aging of 

the Baby Boom generation ( United States Census Bureau, 2017 ). As this 

population continues to age, there is an increase in disease burden which 

results in polypharmacy, or the consumption of multiple medications. 

Polypharmacy can cause drug-drug interactions and adverse events in 

geriatric patients ( Cho et al., 2011 ). Additionally, chronological age does 

not necessarily correlate with linear changes in pharmacokinetic parameters.

For example, a frail patient may respond very differently to a similar 

medication dose as a strong patient who maintains most activities of daily 

living. High variability in response to medications is seen among geriatric 

patients ( Charlesworth et al., 2015 ). 
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Geriatric patients are largely excluded in clinical trials, making it difficult to 

apply medication dosing recommendations to this population ( Denson and 

Mahipal, 2014 ; Lau et al., 2015 ; Shenoy and Harugeri, 2015 ). 

Pharmacokinetic changes in elderly patients, such as increased body fat 

percentage and reduction in albumin, are clearly defined. However, there is 

minimal data describing and predicting pharmacodynamic changes in this 

population, such as alterations in receptor sensitivity ( Gad, 2003 ). There is 

also minimal predictive dosing in geriatric patients in association with frailty, 

functional deficits of multi-organ systems, and hepatic drug metabolism. 

Hence, medication dose estimation for elderly patients has become a 

guessing game, in which clinicians are encouraged to “ start low and go 

slow” ( Charlesworth et al., 2015 ). 

M&S Tools 
The exponential progress in computational power over the last decade has 

made transition of model-based approaches from bench to patient bedside 

relatively easy. There exist software tools that can be employed to predict 

drug-drug interactions and obviate the need for conducting resource 

intensive clinical trials. There are now mobile phone apps that can help 

health care providers continuously monitor the patient’s drug exposure 

and/or response and accordingly adjust treatment (dose, frequency) in real 

time. There are efforts in developing hospital wide systems and applications 

that integrate multisource data using such models (patient characteristics, 

comedication and prior drug efficacy and safety data) to recommend 

appropriate dosing regimen to health care providers for their patients. These

models provide a valuable knowledge link between clinical trial information 
https://assignbuster.com/broader-implications-of-modeling-and-simulation-
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and clinic-based dosing. They may be built with data from multiple sources 

(studies, patient populations, indications, drugs) thereby incorporating wide 

sources of variability to provide adequate and robust prediction of outcomes 

based on the individual’s emerging data. Although methodological progress 

has been made, there is still more work to do on wider implementation and 

uptake. Lack of appropriate and consistent data standards, consensus on 

modeling approaches, adequacy in testing, and regulatory policies around 

the approval and use of such applications are some areas where progress is 

lacking. 

Clinical Utility Index (CUI) 
Clinical utilization of a therapeutic intervention beyond regulatory approval is

based on evidence of effectiveness in the real-world environment. 

Effectiveness trials are more pragmatic in nature that the study conditions 

are more clinically relevant than controlled efficacy trials performed for 

regulatory approval. The pharmacy and therapeutics (P&T) committees are 

charged with an important task to review the effectiveness of a new 

intervention to introduce into the formulary of a hospital or managed care 

organization. A recent workshop conducted by the Academy of Managed 

Care Pharmacy (AMCP) concluded that new evaluation methods and 

competencies are required for the P&T members with the availability of new 

data sources ( AMCP Partnership Forum, 2020 ). A similar scenario in drug 

development teams, especially in the early clinical development, is 

benchmarking the product profile with other existing standard of care 

therapies and making a go/no-go decision for more expensive confirmatory 

clinical trials. The CUI is a product-level quantitative multi-attribute utility 
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function used to make such complex decisions that require tradeoffs 

between multiple clinical attributes of an investigational therapy. Several 

examples of CUI in different therapeutic areas can be found in the references

( Ouellet et al., 2009 ; Zhu et al., 2019 ). The CUI is analogous to other public

health metrics such as number needed to treat (NNT), number needed to 

harm (NNH), and quality of life years (QALY) measures but provides a greater

transparency in the evaluation of target product profile and improves the 

collaboration within the P&T committees to contribute to the relative weights

of each of those attributes. 

Barriers of Implementation of M&S Tools for Clinic-Based 
Precision Dosing 
The two important drivers for the success of precision dosing in clinic will be 

physicians and clinical pharmacists. In addition to the complex regulatory 

and healthcare system level barriers such as billing and infrastructure, one 

of the most critical barrier for the successful implementation of M&S tools for

precision dosing is the dangerously low level of clinical pharmacology 

education in the medical community ( Donnenberg et al., 2016 ). Clinical 

pharmacists are in a relatively better position with their skills in TDM, but 

there is a dire need to include pharmacometrics components into the 

curriculum to enhance the skill level. Clinical practice beyond drug approval 

is influenced by the guidelines from the societies of particular disease areas. 

The rise of M&S tools into clinical practice calls for a strategic collaboration 

between prominent pharmacometrics communities and the disease-specific 

societies for a seamless flow of knowledge transfer. 
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There is a small but realistic risk of over-enthusiasm while implementing and

applying such model-based tools in clinical practice. Complicating a dosing 

regimen for wide therapeutic index drugs just to implement precision dosing 

could potentially result in more dosing errors or additional health care costs, 

causing more harm than benefit to the patient. The end goal of any approach

is to provide safe and efficacious drug in a timely and cost-effective manner. 

The dosing scheme should also consider low- and middle-income countries 

where healthcare literacy may vastly differ from developed regions such as 

the U. S. or European countries. 

Future Directions 
The need for precision dosing was recently weighed by the U. S. FDA in a 

public workshop. In their evaluation, at least 50% of 181 drugs approved 

between 2013–2017 qualified for precision dosing ( Traynor, 2019 ). 

However, there is a dangerously low number of clinical pharmacists and 

physicians, who are the end-users, involved in pharmacometrics societies. It 

is important that the pharmacometrics community extend their influence 

beyond drug development and build bridges with clinical practitioners. There

is also a need to standardize the data collection and formatting practices in 

TDM so that the data can readily be utilized in the process of Bayesian model

updates and Bayesian forecasting. In this regard, the Institute of Medicine’s 

(IOM) proposal of Learning Health Systems (LHS) may provide an excellent 

infrastructure to bring research and practice together to enable the full 

potential of precision dosing efforts, leading to precision medicine (

Chambers et al., 2016 ; Ramsey et al., 2017 ). 
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Conclusion 
Precision dosing should not be interpreted narrowly as the use of a fancy set 

of dose calculators. The clinical community must embrace the philosophy of 

pharmacometrics, which is a disciplined method for making decisions using 

current and historical scientific evidence. It is important that this paradigm 

shift in clinical practice is recognized by regulatory agencies, managed care 

organizations, payers, and academic institutions to make an orchestrated 

effort. 
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