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Improving Realism in Clinical Trial Simulations via
Real-World Data

Holly Kimko1* and Kwan Lee1

Simulation validity depends on how well sampling distributions used reflect real-patient characteristics, such as drug
adherence, disease progression, and pharmacologic handling in the body. We challenge the current use of growth charts from
nondisease-specific pediatrics in simulations for drug development. Complementary use of data from clinical trials and the
real-world is expected to achieve a more realistic representation of clinical outcomes for decisions in drug development,
regulatory approval, and health technology assessment.
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Clinical trial simulation has been a frequently used tool for

drug development in various disease areas.1 Clinical trial

simulation generates clinical responses of virtual subjects

by approximating (a) human behavior, (b) disease progress,

and (c) drug behavior within the framework of a proposed

clinical trial design using mathematical models and numeri-

cal methods. Human behavior includes trial execution char-

acteristics, such as adherence in drug administration and

missing records. Disease status may change during a trial,

for which a disease progress model needs to be developed.

Drug behavior in the body is generally characterized by

pharmacokinetic and pharmacodynamic models. The clinical

trial design in each simulation scenario includes dosage regi-

mens, subject enrollment criteria, number of arms, number of

subjects, and so forth.
For clinical trial simulations, researchers use random sam-

pling techniques from a database to generate clinical out-

comes for a large number of virtual subjects, which facilitates

strategic decisions, such as study operating characteristics

or go/no-go decisions. For simulations to be realistic, the

source databases need to exhibit sampling distributions that

reflect real-world outcomes. To illustrate this, we consider a

current practice in pediatric clinical trial simulation.
In the field of pharmacometrics, researchers frequently use2

the growth chart database from the Centers for Disease Con-

trol and Prevention (CDC; https://www.cdc.gov/growthcharts/).

The CDC recommends healthcare providers to:

• Use the World Health Organization growth standards to monitor growth
for infants and children ages 0–2 years old in the United States.

• Use the CDC growth charts for children age 2 years and older in the
United States.

Both growth charts include statistics of growth-related varia-

bles, such as weight and height, which were compiled from

national health examination surveys and supplemental data. It

should be noted that the simulated data from the World Health

Organization and CDC growth charts do not necessarily repre-

sent the growth of pediatrics with a certain disease of interest,

but rather all the pediatrics regardless of their health status. In

actual pediatric clinical trials, we usually enroll patients with

a disease of interest as subjects. Therefore, if a disease

condition alters the overall weight distribution of such patients

in an age range, the clinical outcomes from actual trials may

be different from those predicted using the growth charts.

What is real-world data?
The consortium under the Innovative Medicines Initiative
defines real-world data (RWD) as “an overarching term for
data on the effects of health interventions (such as benefits,
risks, or resource use) that are not collected in the context
of conventional randomized controlled trials. Instead, RWD
are collected both prospectively and retrospectively from
observations of routine clinical practice.”3 Real-world evi-
dence (RWE) refers to the information on health care that
is derived from multiple RWD sources outside typical clini-
cal research settings. The major difference between RWE
and other types of evidence is the data collection settings,
such as clinical care, and home or community settings, as
opposed to research-intensive settings, like randomized clini-
cal trials.

RWE is derived from curating, standardizing, and analyzing
RWD to obtain reliable information, which could inform all
phases of drug discovery and development. However, it has
mainly been used to answer questions in early drug develop-
ment and postmarketing studies for safety surveillance or
effectiveness comparison, whereas clinical development and
regulatory review have used data collected from well con-
trolled efficacy trials, which may differ from the real-world due
to careful attention toward demonstrating efficacy and safety
of an interventional drug. Therefore, it is important to recog-
nize that RWD has the potential to enhance the knowledge
gained from conventional clinical trials, although it may need
adjustment for a “shelf-life” as the standard of care treatment
used during the collection of RWD changes over time or
for tentative changes in patients’ physiological and/or clinical
status with treatments.4,5

A cursory example of applying disease-specific

data to clinical trial simulations
Due to the difficulty in enrolling pediatric subjects in clinical
trials, regulatory agencies tend to be more receptive toward
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Figure 1 Weight distributions from the Centers for Disease Control and Prevention (CDC) weight growth chart for boys from 2–18
years old footnote: (a) distribution of recorded mean weights from the CDC growth chart database; (b, c) distribution for 100 and 1,000
randomly sampled subject’s weights, respectively; and (d) SD of weight based on age.

Figure 2 Age and weight distributions of pediatric studies with six different disease indications footnotes: drug A-F: juvenile rheumatoid
arthritis, schizophrenia, epilepsy, gastric acid reflux, infection, and AIDS, respectively; “Actual” and Centers for Disease Control and
Prevention (“CDC”) indicate the distributions from the actual studies and the CDC growth chart, respectively. The numbers in the
“Actual” plots are the numbers of subjects.
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considering simulation results as a part of the totality of evi-
dence for regulatory decisions. During simulations of phar-
macokinetics of pediatrics, in which the pharmacokinetic
model often includes body weight as a covariate, a certain
number of ages are usually sampled uniformly, assuming
the probability of enrolling pediatrics in each age group is
the same, although it may not be realistic due to the corre-
lation between disease type and age distribution. Then, a
weight is sampled from the growth chart distribution at
each sampled age. The weight-for-age percentile curves in
the CDC growth chart (http://www.cdc.gov/growthcharts/
data/set1clinical/cj41cs021bw.pdf) show that the weight dis-
tribution in younger pediatrics has a lower spread (SD;
Figure 1) than that of older pediatrics. Therefore, lower
weights in younger pediatrics have a greater chance to be
resampled than higher weights in older pediatrics, yielding
a right-skewed weight distribution after sampling for all
pediatrics in the simulated clinical study, as shown in the
weight distributions from 100 and 1,000 simulated subjects
from the CDC weight growth chart for boys from 2–18
years old, using R software version 3.3.3 (Figure 1). The
similar trend also exists for girls from 2–18 years old (data
not shown).

In reality, the weight distribution of the subjects enrolled in
actual clinical trials is dependent on the type of the diseases
of interest. Figure 2 shows the differences in distributions of
age and weight from various pediatric studies in disease
areas, such as juvenile rheumatoid arthritis, schizophrenia,
epilepsy, gastric acid reflux, infection, and AIDS (drug A–F,
respectively). A thought experiment to compare pharmacoki-
netic differences by sampling from a disease-nonspecific
covariate distribution (e.g., the CDC growth chart) and a
disease-specific distribution (whose shape is different) leads
to the realization of an unrealistic representation of clinical
study outcomes that use the CDC growth chart. Pediatric
patients with AIDS often have impaired growth and matura-

tion, resulting in lower weight and height than would be
common for their age groups, which is shown in the case of
drug F. Such patients may also have atypical laboratory
values that impact the pharmacokinetics of various drugs as
well, which calls for a careful selection of demographics and
laboratory information to use in simulations.

The age and weight distribution examples shown in Fig-
ure 2 are all from internal company databases, which were
from studies with restricted subject inclusion and exclusion
criteria. This type of “controlled” data from disease-specific
subjects still does not accurately reflect the real-world, in
which many additional factors, such as comedication,
adherence, and persistence problems may yield effective-
ness that is different from the efficacy demonstrated in well
controlled trials. There are a few repositories of pediatric
patient-specific data in real-world settings,3 such as the
Pediatric Health Information System through the Child
Health Corporation of America (https://www.childrenshospi-

tals.org/programs-and-services/data-analytics-and-research/
pediatric-analytic-solutions/pediatric-health-information-sys-
tem) and the Lexicomp Online internet-based drug informa-
tion platform for multi-user groups in a networked system
(http://webstore.lexi.com/ONLINE).

CONCLUSIONS

The RWD have been used in modeling and simulation of
disease progression, patient care, and comparative effec-
tiveness research.6–8 Utilizing RWD to predict real-world
effectiveness with efficacy data from randomized, controlled
trials for drug approval dossiers or health economic evalua-
tions seems to still be in its infancy stage, which is sup-
ported by the limited number of publications on this subject
in medical literature.9 Internal company data collected
previously in a specific disease franchise may be used to
support the efficacy of an investigational drug, but due to
restrictions in enrollment inclusion/exclusion criteria and the
investigator’s intention to collect data with high integrity for
regulatory submission purpose, such collected data often
fail to represent effectiveness of the investigational drug. To
improve realism in clinical trial simulations, it is recom-
mended to use RWD that is accessible from enterprise-
licensed databases (e.g., Optum, Truven); patient and
population surveys; patient chart reviews; observational
data from cohort studies; pragmatic clinical trials; and regis-
tries, etc.10 By integrating RWD into clinical trial simula-
tions, simulation results become more realistic in the sense
that they are more generalizable in clinical practice settings.
We expect more complementary use of data from con-
trolled trials and the real-world in the near future.
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