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Pharmacotherapy, in many cases, is practiced at a suboptimal level of performance in low- and middle-income countries (LMICs)
although stupendous amounts of data are available regularly. Te process of drug development is time-consuming, costly, and is
also associated with loads of hurdles related to the safety concerns of the compounds.Tis reviewwas conducted with the objective
to emphasize the role of pharmacometrics in pharmacotherapy and the drug development process in LMICs for rational drug
therapy. Pharmacometrics is widely applied for the rational clinical pharmacokinetic (PK) practice through the population
pharmacokinetic (popPK) modeling and physiologically based pharmacokinetic (PBPK) modeling approach. Te scope of
pharmacometrics practice is getting wider day by day with the untiring eforts of pharmacometricians. Te basis for phar-
macometrics analysis is the computer-based modeling and simulation of pharmacokinetics/pharmacodynamics (PK/PD) data
supplemented by characterization of important aspects of drug safety and efcacy. Pharmacometrics can be considered an
invaluable tool not only for new drug development with maximum safety and efcacy but also for dose optimization in clinical
settings. Due to the convenience of using sparse and routine patient data, a signifcant advantage exists in this regard for LMICs
which would otherwise lag behind in clinical trials.

1. Introduction

A successful clinical outcome depends on the achievement of
fve “rights” which include the administration of the right
drug to the right patient at the right time in the right dose
through the right route of administration. Tese fve rights
are included in the clinical decision-making goals of the
pharmacist [1]. After the selection of the right drug for
a particular condition, the most important feature for
a successful therapeutic outcome is the selection of the right
dose. Te need for dose individualization is necessary for
safe and efective drug therapy as overdosing of drugs can
cause toxicity, while underdosing may lead not only to

therapeutic failure but also to the development of resistance
to pathogenic microorganisms in the case of antimicrobials
[2]. Variations in the demographics and pathophysiological
conditions of the patients, as well as concomitantly ad-
ministered drugs, can alter the pharmacokinetics (PK) of the
drug and hence can afect the amount and rate at which the
drug is available at the target site in the body. Tese vari-
ations can be considered in a quantifable manner through
stepwise covariate modeling (SCM) and incorporated in
population pharmacokinetic (popPK) models in order to
optimize the dose of a drug in a particular patient.

In addition to the diferent traditional approaches in the
application of PK principles for dose optimization according
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to the clinical status of the patients, there have been diferent
advanced concepts for the rationalization of therapeutic
outcomes in clinical pharmacology for clinical PK practice
that has added a new facet in clinical drug development and
pharmacotherapy process. Pharmacokinetic/pharmacody-
namics (PK/PD)-modeling links dose-concentration and
concentration-efect relationships, thus easing the depiction
and prediction of the time course of drug efects. PK/PD-
modeling is a mathematical technique that predicts the
changes in drug efcacy over time and drug exposure.
Consequently, developments in mathematical modeling,
computational power, and convenience of large preclinical
and clinical data sets led to the foundation of the quantitative
systems pharmacology (QSP) discipline. It is a relatively new
feld that pools biophysically detailed mechanistic models of
physiology with PK/PD to predict systemic efects. QSP has
a wide range of applications from creating and investigating
new mechanistic hypotheses of a perceived efect, recog-
nizing ideal or substitute targets, attainment of confdence in
the rationale of current and/or emergent targets, designing
clinical trials, and specifying insight from preclinical to
clinical or cross-disease translation to the case of repur-
posing of the previously developed drug [3].

Pharmacometrics is one of such advanced concepts,
which is the science of mathematical modeling and sim-
ulation and is defned, according to Barrett et al., as “a
science of quantitative models in biology, pharmacology,
and disease progression that describes the PK/PD behav-
iors of drugs with respect to their actions including
therapeutic and toxic efects [4].” Tus, pharmacometrics
can be considered the amalgam of pharmacology, physi-
ology, pathophysiology, mathematics, statistics, and in-
silico modeling through computer software programs to
meet the regulatory and therapeutic requirements for new
drug development and clinical decision-making, re-
spectively [5]. Global utilization and sharing of clinical data
based on an understanding of ethnic diferences or simi-
larities and appropriate application of new methodology
will contribute to more efcient drug development and
more scientifc decision-making [6]. Clinical pharmaco-
metrics practice has a key role in the optimization of
therapeutic outcomes for proper pharmacotherapy prac-
tice, where clinical pharmacometricians prospectively ap-
ply the models for active therapeutic drug management [7].
Pharmacometrics is a vital tool for the consolidation of
a wide range of preclinical and early clinical data through
drug exposure disease models in clinical drug development,
beyond models to simulate diferent designs of clinical
trials and to decide about the further progression of the
process [8]. Te practice of pharmacometrics can play an
important role to optimize the use of medicines through
precise dosing in certain vulnerable populations, such as
children, the elderly, and patients with concomitant

diseases or comedications in LMICs. However, such
practices are being neglected in LMICs due to the lack of
experts, intentions related to competency, and endorse-
ment from a regulatory authority.

2. Methodology

Literature searches were performed to identify published
articles on pharmacometrics in major databases: PubMed,
Google Scholar, ScienceDirect, and Cochrane Library. Te
relevant articles published from January 2000 to February
2022 were studied in detail, and the manuscript was pre-
pared. Te experts in the feld of pharmacometrics reviewed
and fnalized this narrative review.

Te terms “Pharmacometrics” or “Modeling” and
“Simulation” “Population pharmacokinetic study” or
“Physiologically based pharmacokinetic study” and “Drug
development” or “Drug discovery” or “Pharmacotherapy” or
“Clinical decision-making” were the keywords used to
search for articles.

3. History and Progress of Pharmacometrics

Te term “pharmacometrics” was included as a special
section in the Journal of Pharmacokinetics and Bio-
pharmaceutics in 1982 [9]; however, its history dates to
1971 and 1976 with the appearance of frst citations in
articles by Lee [4] that have prognosticated the rays of hope
for the development of its practice as an important facet in
the area of clinical pharmacology. According to Gobburu,
the concept of pharmacometrics began prior to 1960 [5]. In
the period of 1950–1970, the pharmacometrics approach
was addressed with the development of PK/PD concepts
where scientists quantifed PK from the lab experiments
and developed methods to link PD which was an important
tool to develop innovative and advanced concepts for the
analysis of data from the clinical trial. Te advanced
concept of computational skills such as econometric and
biometric methods and mixed efect modeling as a headway
to quantify observational data patterns has further en-
hanced the practice in the period of 1970–1980. Lewis
Sheiner and Stuart Beal are considered the originators of
the scientifc discipline of pharmacometrics, and they also
developed the NONMEM software system in the 1970s for
the popPK study [10]. Likewise, during the period of
1980–1990, the endorsement of pharmacometrics practice
by the regulatory authorities made the scope higher.
During the same period, in 1989, the United States-Food
and Drug Administration (US-FDA) called for pharma-
cological screening regarding drugs used in the elderly to
understand the sources of variability from sparse PK in-
formation from the registration trials for the knowledge of
the source of variability. Te regulatory guidance was
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issued for the industry for population analysis in 1999,
which was an important step in pharmacometrics practice
in 1990–2000, and such guidance was also issued for
exposure-response relationships in 2003 [5]. Since then, the
pharmacometrics practice has had a high-level impact on
decisions such as clinical trial design, drug development,
approval, and labeling as well as designing drug dosage
regimens for the rationalization of pharmacotherapy
practice in the clinical settings.

4. Organizations and Meetings

A number of organizations are working in diferent geo-
graphical regions and conducting meetings on an annual or
occasional basis. Tese organizations include the Population
Approach Group Europe (PAGE), American Society of
Pharmacometrics (ASoP) which has evolved into the In-
ternational Society of Pharmacometrics (ISoP), Population
Approach Group Australia and New Zealand (PAGANZ),
World Conference of Pharmacometrics (WCoP), Asian
Pharmacometrics Conference (ACP), and Asian Pharma-
cometrics Network (APN). Te PAGE started its local
meetings during the early 1990s on an annual basis, and the
frst PAGE meeting was held on June 1992 in Basel, Swit-
zerland [11]. Te frst meeting of ISoP with the title of the
American Conference on Pharmacometrics (ACoP) was
held in March 2008 in Tucson, Arizona [12]. Te PAGANZ
started its annual meeting with the frst meeting held in
January 1999 in Auckland, New Zealand [13]. Te meetings
of WCoP were held in September 2012 in Seoul, Korea [14],
in August 2016 in Auckland, New Zealand [15], and in April
2020 in Cape Town, South Africa [16]. Te one and only
ACP was held in Kyoto, Japan, in October 2017 [17]. Te
Iberoamerican Pharmacometrics Network (RedIF), partic-
ularly relevant to LMICs, started its symposium after its
establishment in 2017 in Uruguay. Te second, third, and
fourth RedIF congresses were organized in Mexico in 2018,
Cuba in 2019, and Brazil in 2022 [18, 19]. Likewise, the Asian
Pharmacometrics Network (APN), which was formed in
September 2012 with a conference in South Korea, organized
the initial symposium in Tailand in 2019 and the second
symposium in India in November 2020 [20].

Such organizations and meetings served as an excellent
platform for the exchange of ideas and technology in the
form of satellite workshops for the advancement and rec-
ognition of practice worldwide [5]. Now, more advanced
and technical research is being carried out on building
quantitative disease and drug trial models and simulation
studies for clinical drug development and pharmacotherapy
practice as well. Te facility provided to researchers to
quantify the completeness of the information made phar-
macometrics analysis more efective as compared to con-
ventional hypothesis testing. Pharmacometrics practice has
also given a great impact on the concurrence of drugs against
bioterrorism and for emergency preparedness as well [5].
Te practice of pharmacometrics is still in its infancy in
LMICs, though eforts are being made by experts in the said
area. With the efort of strong groups of diferent countries
such as RedIF and APN in enhancing pharmacometrics

research and innovation within health sciences and pro-
moting educational activities, LMICs are considered an
important ground for pharmacometrics practice.

5. PK-PD Modeling in Practice

Te model is a schematic representation of a complex PK
and PD phenomenon that is based on the mathematical
relationship and is used to explain and predict the overall
behavior of drugs in the body. Modeling is a signifcant tool
in the clinical drug development process and pharmaco-
therapy practice. Population modeling is a complex process
that demands vigorous underlying procedures to ensure
clean data, appropriate computing platforms, adequate re-
sources, and efective communication. It is an economic and
time-saving practice with the provision of a good framework
for the integration of all information collected on new drugs
[21]. Te developed model can be extended to make it
applicable for simulation to solve the queries regarding
diferent study designs. Te simulation settings are applied
for obtaining an efect of these designs on study outcomes
which are further used for subsequent decision-making
related to the clinical aspects such as optimization of drug
dosage regimen or regulatory afairs such as drug approval
[22]. Te pharmacokinetic modeling approach for the
practice of pharmacometrics is widely applied through the
popPK and physiologically based pharmacokinetic (PBPK)
modeling approaches (Figure 1).

PBPK and popPK models hold a strong descriptive as
well as predictive potential that helps in decision-makingall-
around drug development activities and pharmacotherapy
approaches in clinical settings. Tese are complementary
and not mutually exclusive techniques in the practice of
pharmacokinetics. popPK models can be traditionally
considered an empiric model as theoretical features, and
even those which are not held up by any specifc data but
rather by the apprehension of drug characteristics can be
commonly included in these models. Tere is a need for
adequate understanding and assessment to confrm the
application of these tools like whether to apply one or
a hybrid of the two according to the particular queries and
the type of data at hand [23]. Tere are diferent software
packages available for the practice of pharmacometrics, and
among them, NONMEM 7.4 by ICON, Phoenix WinNonlin
NLME by CERTARA, Simcyp by CERTARA, and Monolix
by Lixoft are popular [2, 24, 25].Te nlmixr2 is also common
as well as a free and open source [26]. Similarly, PK-Sim and
MoBi are maintained by open systems pharmacology and
are also standard and free to use [27].

5.1. Population Pharmacokinetic (popPK) Modeling. Te
variability among individuals after the administration of
therapeutically relevant doses is studied in the popPK study
where the sources of variability are also investigated that
help in dose optimization for the individual patients [2, 28].
A popPK modeling approach is a data-driven approach as
the process is started by using the clinical data for basemodel
development, the infuence of covariates on PK parameters
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is evaluated and quantifed in the form of mathematical
equations, and the magnitude of interindividual as well as
intraindividual variability are included in the model [8]. Te
developed model then can be used to predict a patient-
specifc model in which simulations of diferent dosage
regimens can be performed for dose tailoring (Figure 2) [22].

Te parameters for the popPKmodel can be divided into
two types, namely, fxed efect parameters and random efect
parameters. Fixed efect parameters have a particular value
representing clearance and volume of distribution. Te
random efect parameters include interindividual variability,
errors related to the sampling, and bioanalytical techniques
[29]. For performing popPK modeling, nonlinear mixed
efect models are considered standard. Nonlinear mixed
efect models have the unique feature of analyzing sparse
data, pooling data from diferent studies, and dosing sim-
ulation in new circumstances. With the development of such
a technique, popPK analysis has become enormously con-
venient not merely for the development of innovative drugs
[30] but also for the improvement of already approved
drug’s therapy and its repurposing practice as well [31]. Te
popPK analyses are a crucial aspect of almost all drug de-
velopment programs. Because of the growing emphasis
placed on popPK analysis by regulatory authorities and the
wealth of information that these analyses provide, it is more
important than ever to consider how popPK modeling
practice fts into the drug development program. Te
schematic diagram of the popPKmodel is shown in Figure 3.

5.2. Physiologically Based Pharmacokinetic (PBPK)Modeling.
PBPK modeling is a complex, fow-based type of com-
partment PK model based on the known anatomy, physi-
ology, and blood perfusion to diferent organs of the species
under study. Independent data sources like studies already
published and in vitro experiments are taken to select the
parameter value probability distributions, and the models
are assumed validated with the simulated system output
adequately akin to a separate data set [8]. PBPK modeling is
a theory-driven approach that initiates with what is per-
ceived at the organ or tissue level. Te drug movement and
disposition in the body are related to the blood fow, con-
centration of drug in the blood, and a partition coefcient.
Such types of models are efective in answering very specifc
queries; for example, the change in the concentration of
a drug in a specifc patient population can be speculated by
the PBPK model where the molecular signature of the
disease has already been included by altering key parameters.
Tus, a PBPK model developed for healthy individuals may
be modifed with respect to the pathophysiological status of
the disease. Te PBPK model can be extrapolated from one
set of patients to other populations and clinical status [32].
Tese models may incorporate artifcial organs as diferent
compartments, and the change in PK of drugs in such
scenarios may also be predicted for tailoring of drug dosage
regimen [33]. Tese types of predictions assist in dosing
recommendations or impact the design of clinical trials to
assess a drug for novel use. Likewise, with the known
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pharmacokinetic information, drug interactions can be
speculated and simulated. PBPK is more precisely described
as a specifc aspect of QSP that expresses the PD of drugs also
in tissues and organs along with elucidating the concen-
tration of drugs in a particular compartment as a function
of time.

6. Clinical Drug Development and
Pharmacotherapy Practice

Te clinical drug development process makes a new drug
available for the patients’ use in the market after the
identifcation of a lead compound through the drug dis-
covery process [34]. Tis comprises preclinical studies on
animals, approval from a regulatory body for an in-
vestigational new drug, clinical trials on human volunteers,
and again regulatory approval with a new drug application

for marketing purposes [35, 36]. Te postmarketing phase of
the clinical trials continues even after the marketing of the
drug for patients’ use [37].

Te pharmacotherapy practice then makes the proper
decision regarding appropriate drug selection with adequate
dose and duration of the treatment based on the physio-
logical status and clinical condition of patients. Such
a process takes the consideration of risk-beneft judgment
and optimizes the dosage regimen that is within the ther-
apeutic range, safe, and efective as well for individual
patients [38].

Te pharmacometrics techniques can be implemented
for the progression of the more efcient process of drug
development and rational drug therapy (RDT) practice. Te
process of drug development is time-consuming as it may
take at least 10–12 years to reach the market for use, costly as
it takes approximately $2.6 billion investment, and is also
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associated with loads of hurdles related to safety concerns of
the compounds [39]. Te opportunity to reach the market
eventually often favors very few compounds in the devel-
opment process and can be withdrawn even after being
marketed [40, 41]. Terefore, it is obvious that there must be
answers to the few queries that arise in such a process re-
garding the selection of drug candidates, progression or
termination of the project, worthy of the development of
a new formulation of improved features for efcacy, ad-
justment of dosage as well as pharmacokinetic study in
a subpopulation, and study of drug-drug interactions to be
performed. Application of the PK-PD guided approach as
a pharmacometrics principle with the inclusion of modeling
and simulation is the best answer in such case, which proves
that pharmacometrics has a prime role in the RDT practice
through the proper drug development process and phar-
macotherapy practice. Te FDA Modernization Act of 1997
has boosted it up with the statement that “data from one
adequate and well-controlled clinical investigation and
confrmatory evidence, obtained prior to or after such in-
vestigation, are sufcient to establish efectiveness.” A
popPK model established during drug development can
provide this confrmatory evidence. Te modeling and
simulation techniques apply mathematical and statistical
models that are, of course, a simplifed elaboration of the
complex systems under experimentation. Te integration of
PK&PD principles, which apply PK-PD models to explain
the relationship between drug dose, concentration, and
pharmacologic response such as surrogate markers, efcacy
measures, and adverse drug reaction (ADR) events, is an
important process in streamlining and thus making more
rational and efective drug development tasks. Te design of
clinical trials to be undergone in a clinical drug development
process comprises a number of specifcations with respect to
study population, drug dosage, and assessment by geo-
graphically spread multidisciplinary development teams.
Te computer simulation technique based on adequate
PK-PD models is the key to assessment to decide on such
specifcations in an appropriate way. Te PBPK models are
also being efective for rationalization of pharmacotherapy
practice by integration of disease progression and patient
compliance. Te popPK models also integrate a relationship
between diferent covariates such as body weight, age, sex,
race, and parameters of PK-PD that permit assessment and
quantifcation of sources of variability in exposure and re-
sponse even in sparse sampling conditions in the target
population. Stochastic simulation is extensively applied for
the assessment of statistical methodology together with the
evaluation of bioequivalence parameters. Te application of
modeling and simulation techniques has also been expanded
to speculate outcomes of planned trials in clinical drug
development, for which the popPK model together with the
random sampling technique is the basis of the approach. For
proper simulation to give a real situation, models for disease
progression and behavioral features are to be included in the
popPK models which help for the evaluation of the outcome
of design features for safety as well as efcacy assessment of
the drug, thus making efective recognition of statistically
valid and practically sensible study designs. Te consistent

involvement of scientists from diferent parts of the world
specialized in diferent felds for the practice of pharma-
cometrics, with no doubt, leads to the production of good
quality medicines with maximum efcacy, minimum tox-
icity profles, and assures the provision of rational phar-
macotherapy practice with optimum drug dosage regimen
for the patients [42].Te advantages of pharmacometrics are
given in Table 1.

7. Need of Pharmacometrics in LMICS

Under the recent World Bank criteria, countries with a gross
national income (GNI) per capita up to 12,535$ fall in
LMICs [43]. Te fnancial burden, stress, and prolonged
hospital stay are treacherous factors for noncompliance in
the people of LMICs that lead to therapeutic failure and
promote more adverse consequences. Te increasing disease
burden and difculty in the availability of medicines and
medical services are other gigantic issues in LMICs. Te
prevalence of chronic and noncommunicable diseases is
a common challenge in today’s healthcare system in such
areas with also a parallel burden of communicable diseases
[44]. Te healthcare systems in such areas are not able to
provide appropriate care due to the lack of comprehensive
pharmacotherapy approaches, problems with the availability
and afordability of essential medicines, and treatment
modalities [45]. Te traditional approach of TDM, where
peak and/or trough drug concentrations are used for making
clinical decisions on dose optimization, is being practiced. In
addition to TDM, other approaches such as nomograms,
classical noncompartmental equations, or formulae are also
not fulflling the demand for RDT in the growing scenario of
complexity in disease and disease progression, comorbid-
ities, diferent physiological conditions, polypharmacy, ge-
netic polymorphism, complexities in dosage form, and
actions. Terefore, the advanced concept in such area for
rationalization of therapeutic outcomes is the need of today’s
healthcare society of the world and pharmacometrics is an
appropriate concept in this regard.

Despite the prodigious availability of data on a regular
basis in LMICs, the pharmacotherapy practice is mostly at
suboptimal levels and so is the case with improvement in
drug development. In such cases, pharmacometrics can play
a key role in efectively improving drug development and
pharmacotherapy practice with the help of its principles and
models. Pharmacometrics has a broad spectrum from basic
research of clinical trials to the more complex and advanced
research on drug discovery and development to pharma-
cotherapy practice such as the treatment approach of dis-
eases and optimal drug use in the clinical setting of patient
care. Te practice of drug utilization review (DUR), generic
drug concept, substitution concept, and managed care or-
ganization bidding are increasing insistence for the drug
development process in the pharmaceutical industry for the
production and supply of highly safe and efective as well as
afordable therapeutic agents. Te US-FDA has also high-
lighted the urgent need for superior product development
science in the white paper “challenge and opportunity on the
critical path to new products” in 2004 regarding the question

6 Advances in Pharmacological and Pharmaceutical Sciences



of cost-push infation and inadequate application of scien-
tifc tools for the safety and efectiveness of products leading
to stagnancy in clinical drug development [46]. Pharma-
cometrics has played an important role in the decision for
pivotal US-FDA approval of Toradol (Ketorolac), Natrecor
(Nesiritide), Remifentanil, and Neurontin (Gabapentin) and
has been the prime factor to impact on such concerns of
FDA tools for assessing safety, demonstrating medical
utility, and characterization and manufacturing [5, 6]. Te
division of pharmacometrics has become an important part
of regulatory afairs for decision-making and establishing
product labels in new drug applications (NDAs) in US-FDA
[5]. According to a survey of 198 applications for drug
approval and labeling during the period of 2000 to 2008,
pharmacometrics was found to play a role in the decision-
making of 60% of applications [47]. Moreover, it has also
played its role in the inclusion of two-step dosing regimens
of Busulfan for the product label in the pediatric section and
revision of the language of the product in terms of dose
recommendation of pasireotide injection used in Cushing’s
disease [22]. Scientifc approaches of pharmacometrics have
tremendous efects on clinical drug development and op-
timization of the dosing strategy, which involves highly
efective computational speed, novel models, stochastic
simulation models, real-time data collection, and novel
biomarkers. Te important pharmacokinetic covariates such
as patients’ age, size, gender, renal profle, and hepatic
functions are essential parameters but not studied at an
adequate level for optimizing dosing strategies, and these are
linked to the model development in pharmacometrics for
clinical drug development and pharmacotherapy practice for
rationalization of the therapeutic outcome [6]. Pharmaco-
metrics is now being practiced throughout the phases of the
process of drug discovery and development together with
regulatory approval to marketing the product. Terefore, it
has an assimilating application in the transformation to
model-based development [48].

In the context of an emergency such as the COVID-19
pandemic, where proven treatment option is still a far cry,
repurposing of previously discovered drugs became a pop-
ular and efective approach [49]. Some of the drugs used

globally are Hydroxychloroquine, Azithromycin, Remdesi-
vir, Favipiravir, Dexamethasone, Ivermectin, and Tocilizu-
mab [50]. However, the safety profle remains an issue;
particularly, the evidence of beneft is highly controversial in
the case of Hydroxychloroquine, Ivermectin, and Dexa-
methasone. Diferent episodes of cardiac adverse events and
neurological toxicities were associated with the use of
Hydroxychloroquine with or without Azithromycin and
Ivermectin, respectively [49, 51–57]. Te increased mortality
risk with the use of corticosteroids was also reported [58].
Clinical improvements following the treatment with Favi-
piravir and Remdesivir have been documented though
proofs of inefciency in viral clearance have also been re-
ported [53, 59, 60]. Te critical analysis of the clinicians
considering the risk-beneft judgment according to the
clinical status of patients is a key to the use of these agents in
such a global health crisis [51, 58–60]. In such a scenario,
pharmacometrics plays an essential role that optimizes drug
dosage regimens for benefcial outcomes [31].

Tough the need for pharmacometrics practice is im-
portant globally as it has not been given much more em-
phasis in most parts of the world, LMICs have to adopt such
practice immediately. Te pharmacometrics practice has not
taken a quantum jump in LMICs due to the availability of
very few pharmacometricians in number or virtually non-
existent in most of the parts. However, the LMICs can be
a venue for practice for pharmacometricians to develop
relevant local solutions to global healthcare problems [61].
Tus, pharmacometrics is a suitable and readily applicable
concept in healthcare delivery in LMICs for developing safe,
efective, accessible, and afordable products with maximum
efcacy and minimum toxicity in diferent age groups and
clinical status of patients [62].

8. Challenges and the Way Forward

Pharmacometrics is now widened to a much extent as
compared to the initial phase of its development and practice
with the untiring eforts of a multidisciplinary team con-
sisting of pharmacometricians, academic researchers, drug
development scientists, regulatory experts, and other related

Table 1: Advantages of pharmacometrics.

Subjects Areas Particulars

Pharmacometrics

Clinical drug development

To inform and optimize dose selection
To inform route of administration, bioequivalence, and formulation decisions

To help determine the route of administration of drugs
To quantify exposure-response relationships for efcacy and safety and subsequent

clinical utility
To help repurposing of the drug

Pharmacotherapy practice

To optimize the drug dosage regimen in special patient populations such as
pediatrics, geriatrics, pregnancy, lactating women, genetically diferent patient

populations, and patients with renal and liver impairment
To optimize and individualize dosing to ensure optimal efcacy and safety

Advances in Pharmacological and Pharmaceutical Sciences 7



professionals of the healthcare feld. To upgrade productivity
to the current scope and to bring advances in practices for
broadening the future scope of pharmacometrics practice
are common strategic goals as well as a challenge in this feld.
Te inadequate number of perfectly trained scientists, re-
luctance in sharing knowledge and information in some
cases, and reluctance to recognition of applications can be
regarded as a weakness in practice. Tough the practice has
great potential and is up to a certain level in developed
countries, it is still neglected in LMICs despite the efort of
some experts. Terefore, there is a substantial need for such
practice in LMICs for safe and efective drug therapy as the
fnancial burden, and the literacy rate, multicomorbidities,
resistance to drug therapy, and poor compliance are chal-
lenging factors in such areas. Such factors along with the
genetic makeup of individuals as well as physiological status
are actually challenging the world’s health scenario, and
there is a need for innovation and challenges in dosage form
design and hence drug development and rational practice to
cover such conditions. Tis will defnitely make the area of
scope of pharmacometrics wider, more interesting, and
more challenging as well. Growing expectations from pa-
tients’ sites, increase in niche products, global drug devel-
opment, and more efcient safety assessment are external
factors as well as potentials that drive the opportunities and
expand the scope of practice of developing safe and efective
drugs for rational pharmacotherapy practice [5]. Appro-
priate formulation with proper dosage regimen according to
the specifc patient population and clinical status is needed
to be developed and practiced consistently at an afordable
price at all levels in LMICs to make the healthcare system
efective.

Te systematic implementation of pharmacometrics in
drug discovery and development has a prospective role in
signifcantly enhancing medical breakthroughs and making
advanced treatment options available. Such challenges have
focused on the requirement of proper education and training
at the academic as well as at the professional level, proactive
and efective planning, dynamic access to multisource data,
an amalgamation of quantitative knowledge, inter/intra-
professional collaboration, and efectual dissemination of
innovative and impactful application of pharmacometrics
[63].Te development of a model and building relationships
between diferent fundamental PK parameters and patient
demographics help the experts develop an individualized
dosage regimen for RDT related to the clinical status of
patients. Pharmacometrics analysis has better insight as
compared with other available techniques to solve the query
related to the safety, efcacy, and individualized drug dosage
regimen of drugs in related clinical status [2].

Te integration, innovation, and impact can be con-
sidered as the three overarching themes that helped the
development of pharmacometrics to come up to this stage
and have the potential to expand the feld evenmore with the
innovation and advancement in practice on drug discovery
and development, research, regulatory approval, and

utilization of new medicines for RDT [64]. Applications of
pharmacometrics principles help design efcient studies and
interpret their results in the context of all available data and
knowledge to enable efective decision-making for the
clinical drug development processes and pharmacotherapy
practices [65]. Te pharmacometrics practice feld has come
a long way concerning its size and achievements with the
hard work of pharmacometricians. Te supply is drawing
high demand for such practice efectively despite the
complexity and quantity of demand [5]. Te existence of
a vacuum between academia, clinical setups, and the
pharmaceutical industry leading to the poor recognition of
this practice must be removed to make it highly efective.

For the further progression of the practice of pharma-
cometrics, regulatory bodies should give emphasis on its
implications as well as provide education and training to
every related feld ranging from academics to the pharma-
ceutical industry. In academics, implementing a syllabus to
study theory and research work; in a clinical setting,
implementing the principle of pharmacometrics for the
pharmacological treatment of diferent types of diseases with
the innovative approach and tailoring of dosage regimen for
rationalization of the therapeutic outcome; in the phar-
maceutical industry, implementing the principles of phar-
macometrics for the development of a new and advanced
type of drugs and dosage form with efective mechanism and
approach which demonstrates minimum toxicity and
maximum safety can be a signifcant tool in health science.
Such steps may lead the LMICs toward a better healthcare
system and facility.

9. Conclusion

Te foundation for pharmacometrics analysis is the in-
silico modeling and simulation of pharmacokinetics/
pharmacodynamics (PK/PD) data complemented by a de-
scription of signifcant features of the safety and efcacy of
the therapeutic agent. As an extensively applied tool for the
clinical pharmacokinetics practice through the population
pharmacokinetic modeling and physiologically based
pharmacokinetic modeling approach, the computer-based
modeling and simulation technique of pharmacometrics is
a signifcant approach in profcient clinical drug devel-
opment and pharmacotherapy practice. Te healthcare
system of the world, especially LMICs, which lag behind in
advanced technology, innovation, and clinical trials, can
get the beneft of using sparse and routine patient data for
proper implementation of such practice that ensures
rationalization of therapeutic outcomes. Te support of the
regulatory body and consistency of healthcare pro-
fessionals in such areas are crucial to broadening its scope
and healthcare facility.
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