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Pharmacometrics has gained increasing importance in drug development and most medium and 
large-sized pharmaceutical companies have significantly large departments dedicated to such work.  
Ultimately, pharmacometric models, built upon observed data from clinical studies, are used to inform 
the next emerging study and the overall drug program. Here Marcus Björnsson and Elodie Plan further 
describe how that can be achieved. 

Can you briefly describe how 
pharmacometrics can be used to inform and 
optimize study design?
Marcus: Through modeling and simulation 
one can evaluate the performance of different 
design alternatives, in terms of dose levels, 
study duration, population, samling schedules 
etc.
Elodie: The use of pharmacometrics to 
inform the design of a future study may be 
paramount to ensure sufficient power for 
detecting a statistically significant difference 
in outcome, while potentially also reducing 
the cost. Once a pharmacokinetic (PK) or 
pharmacokinetic-pharmacodynamic (PK-PD) 
model has been established, it can be used 
(sometimes requiring additional assumptions) 
to predict the next trial. Alternative design 
features can subsequently be tested against 
the intended analysis.
How can a suitable dosing schedule be 
identified?
Marcus: Through simulations, different dosing 
schedules can be compared regarding their 
performance in meeting the desired efficacy 
and safety criteria.
Elodie: Dose selection is usually driven by 
several criteria: 1) efficacy: the targeted 
therapeutic exposure to reach; 2) safety: the 
exposure limits to avoid adverse events; and 
3) other: logistics, convenience, or product 
competitiveness. Pharmacometric models 

can be used to simulate and compare 
different dosing schedules and thereby 
support decision making. This can be 
achieved by providing numbers on the 
probability to meet the target criteria at each 
dose level.
How can suitable sampling times be 
identified?
Marcus: Either by using an optimal study 
design software, or through simulation.
Elodie: Sampling times are best identified 
via a rigorous and robust assessment of 
the investigated endpoints of interest, 
while also considering the type of analysis 
to be used and the aimed precision of the 
outcome. Existing models may be used to 
evaluate, or preferably optimize, pre-defined 
sampling times.
What advantages could a model-based 
approach bring in terms of sample size?
Marcus: With longitudinal models, the 
sample size can generally be reduced, or 
an increased statisticial power may be 
obtained keeping the original sample size.
Elodie: Longitudinal model-based analyses 
have been demonstrated to yield more 
precise estimates of PK metrics compared 
to non-compartmental analysis (NCA), and 
can detect a drug effect with higher power 
than that of traditional statistical tests 
based on data from a single time-point. 
Therefore, studies analyzed using a model-
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More and more efforts will be taken to avoid uninformative trials 
and, when possible, to reduce costs.  ” 

based approach can sometimes be reduced 
in size.
What assumptions are often used?
Marcus:  It depends on the objectives. We 
need to rely on the information available at 
the time of planning. With more knowledge 
we can make fewer assumptions.
Elodie: A common assumption is that the 
model used for design evaluation describes 
the future trial adequately. This can range 
from an allometrically scaled adult PK 
model used to plan for a pediatric study, to a 
clinical endpoint exposure-response model 
established during phase II to plan for a 
longer and larger phase III study.
What are your key recommendations 
regarding successful planning of clinical 
study design?
Marcus: Consider what the results of the 
study will be used for, and design according 
to that. Are you only investigating whether the 
drug works, or not, or will you use the data 
to plan and optimize upcoming parts of the 
development program? Think through what 
your response would be to different likely 
outcomes. Think two steps ahead.
Elodie: My recommendation is to ask the why, 
how, and what of the study, in order to know 
what to optimize. A practical understanding 
of the clinical setting, and a collaborative 
communication with other members of the 
project team covering different functions are 
also highly recommended.
What tools are available?
Marcus: We use many different tools. My 
personal favorites are NONMEM and R for 
the analysis, and LaTeX and R-studio for 
reporting.
Elodie: The use of NONMEM, together with 
some automated PsN tools is effective: it 

gives the flexibility needed when exploring 
study designs and calculating success 
metrics, such as precision and bias. R is 
obviously a great tool, and specific optimal 
design packages, such as PopED or PFIM, 
should be considered for certain projects.
How is model-based guided study design 
being perceived by regulatory agencies?
Marcus: I only have positive experiences 
of regulatory interactions regarding study 
design. If one can justify that the proposed 
design seems adequate and provides 
quantitative evidence, it may be easier 
for the regulatory reviewer to assess the 
suitability of the proposed design. 
Elodie: In their guidelines, regulatory 
agencies stipulate that study design should 
be coherent with the hypotheses tested 
and to provide a reliable answer to the 
questions addressed. They require methods 
and rationale to be explained and, in our 
experience, they have shown support to 
model-based methodologies.
Can you provide some examples of how 
you now support clients with study design?
Marcus: Our support ranges from expert 
advice and reviews to hands-on analyses 
quantifying the probability of study success. 
Elodie: We often perform full stochastic 
simulations and re-estimation analyses 
under various scenarios of study design. 
Thereby we can generate insight to our 
clients, not only into the predicted outcome 
one may expect of a planned study, but also 
into the precision and power of detecting 
that outcome, including which variables can 
affect the probability of achieving it.
Is there any difference in the support to 
large pharma company vs small biotech?
Marcus: In general, larger companies have 
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a clear idea of what they would like to have in 
place. Nevertheless, we can often provide input 
to make the strategies more sharpened and 
clearer, translating into a more effective conduct 
of the project and with increased impact. Small 
companies often require more general advice in 
addition to the hands-on analysis support. 
Elodie: The support we provide is relatively 
similar. In bigger organizations, the internal 
pharmacometric groups are large and may have 
previous success stories with model-based trial 
design and a greater demand for more. On the 
other hand, small biotech companies may have 
smaller research budgets and face limitations 
when it comes to the number of subjects and 
samples. Therefore, both types of organizations 
move towards more elaborate study designs 
rather than repeating standard available design 
alternatives.
Do you see any trends in the use of 
pharmacometrics in clinical trial design?
Marcus: There is a big difference across 
companies and organizations. We still see room 
for more informative and cost-effective study 
designs in various therapeutic areas and across 
different phases of development. 
Elodie: Not surprisingly, the trend of using 
pharmacometrics in clinical trial design has 
been increasing exponentially. We work together 
with early users, and continuously discuss new 
innovative strategies with our clients and close 
collaborators.
How do you expect study design to evolve over 
the coming years? 
Marcus: More and more efforts will be taken to 
avoid uninformative trials and, when possible, to 
reduce costs.   
Elodie: The fact that too many compounds still 
fail in the late drug development phase is already 
bringing model-informed drug development 
(MIDD) closer to the heart of decision-makers, 
both in the industry and at regulatory agencies. 
Model-informed study design will perhaps also be 
accelerated by the post-pandemic clinical research 
landscape.


