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BACKGROUND

Pharmacodynamics (PD) is defined as “what the drug does 
to the body”1 and is a way of describing the mechanisms 
of drug action and defining the relationship between drug 
concentration and effect. Much of the science of PD began 
in the early 1960s with work by Levy2 and others describ-
ing the correlation between reversible drug effects and drug 
concentrations. Population PD evaluates physiological and 
biochemical effects of drugs on the body or disease-causing 
agents at the population level. As described in the second 
paper in this series,3 these evaluations are conducted using 
nonlinear mixed-effects modeling approaches. Thus, during 
the development of population PD models, the same major 
aspects of data, structural, statistical, and covariate models 
must be addressed.

PD data can be continuous (e.g., can take any value in a 
range), such as weight, blood glucose, enzyme levels, or cate-
gorical (e.g., can take only discrete values in a range), such as 
grade of an adverse event, or physician’s global assessment 
scales. Categorical data require special consideration and are 
usually handled with probability or count models. However, if 
the number of categories is sufficiently high (usually 6–10), 
ordered categorical data may be treated as continuous. Here, 
we focus on models for continuous PD data.

Continuous PD responses can be broadly classed as 
reversible or irreversible. An example of the former would 
be antihypertensive agents, which reduce blood pressure 
with drug effect reversing after the drug has cleared from 
the body. The latter might be a cytotoxic chemotherapeutic 
agent, which acts to destroy tumor cells. Within each of these 
classes, the behavior is commonly categorized depending on 
the duration of time between administering drug and achiev-
ing a measurable response. Thus, drugs can have an imme-
diate effect (e.g., QT prolongation), or there can be a lag 
between measured concentration and response. The delay 

to effect can arise because the site of action is not readily 
accessible to a drug, which may result in maximum effects 
occurring later than maximum drug concentrations. The delay 
may also be because the drug affects something other than 
the measured response, such as inhibiting an enzyme, which 
increases substrate over time. In both types of systems, phar-
macological effects may persist even when drug concentra-
tions are no longer measurable.4

Before the inception of population-based approaches, data 
from multiple subjects or animals were evaluated using either 
a naive pooled approach, where data from all individuals are 
pooled and fit simultaneously ignoring individual differences in 
exposure and response, or the “two-step” method, where each 
individual’s data are fit, and summary statistics were deter-
mined from the individual values. These approaches have 
been shown to produce biased parameter estimates5 and are 
consequently rarely used today. The naive pooled approach 
produces imprecise estimates of mean responses and can-
not provide estimates of between-subject variability (BSV), 
whereas the two-step approach produces good estimates of 
mean response but biased and imprecise estimates of BSV.6

Population PD evaluations are useful both to identify 
appropriate dose regimens and to identify sources of vari-
ability that might contribute to lack of efficacy or predispose 
patients to adverse events. Other uses include extrapolation 
into different patient populations (e.g., pediatrics) or different 
therapeutic areas. PD modeling has been shown to be impor-
tant during regulatory review of new therapeutics.7 The US 
Food and Drug Administration8 states that PD modeling can 
represent a well-controlled clinical study, contributing to sub-
stantial evidence of effectiveness where clinical end points 
or accepted surrogates are studied or can add to the weight 
of evidence supporting efficacy where the drug’s mecha-
nism of action is well understood. PD models can contribute 
to optimal study designs. For example, PD modeling of viral 
growth during therapy has been successful in explaining the 

Population pharmacodynamic (PD) models describe the time course of drug effects, relating exposure to 
response, and providing a more robust understanding of drug action than single assessments. PD models 
can test alternative dose regimens through simulation, allowing for informed assessment of potential 
dose regimens and study designs. This is the third paper in a three-part series, providing an introduction 
into methods for developing and evaluating population PD models. Example files are available in the 
Supplementary Data.
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