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Objectives

The concept of Avatars or Digital Twins is well established in health, engineering, and systems biology. It is the creation of a
digital representation of a physical or a biological system in order to explore and control its behaviour [1,2]. In this work we aim
to explore aspects of generating and utilizing avatars for pharmacometric population models, accounting for clinical interests.

We use a neutropenia model as example.

Material
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Figure 1: Pharmacodynamic model describing the neutrophils counts.

« Data (fig. 2): 3553 observation for 601 individuals (ID).
« NONMEM v7.3.0 and R v3.3.0 were used for the simulations
(n=10000 unless stated otherwise) and the selection process.

Methods: Steps in avatar generation and use

1. Clinical relevance

Select clinically relevant criteria where the simulated individuals
(avatars) should match the real patient. For example:
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Figure 2: Clinically relevant markers of neutrophil count.

2. Closeness vs observed data

The error margin between observed and simulated data will define
the accuracy of agreement. Stringent criteria will produce more
accurate avatars but be more difficult to satisfy.

Table 1. Impact of the accuracy of agreement on the percentage of ID with at least 1
avatar according to different combinations of relevant criteria.

Error margin

Criteria 10% 20% 30% 50%
NADIR (N) 98.6 100 100 100
Baseline and NADIR (BN) 971 991 99.7 9938
Baseline and NADIR and Return (BNR) 64.0 90.5 96.7 98.5

3. Number of avatars per ID

For a given error margin, the number of simulations will impact the
number of ID without any avatars.
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Figure 3: Impact of the number of simulations on the number of
subjects without any avatars for BNR. Numbers are percentages of ID.

Results and Discussion

Avatars for population models are a subset of simulated
individuals based on their closeness to the clinically relevant
criteria.

Neutrophils (x10°/L)

What this type of avatar may be used for:
1. Additional assurance that clinically relevant profiles are
generated in the simulations (fig. 4)

2. Refined clinical trial simulations agreeing with the model but
also with observed clinical endpoints (fig. 4)
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Figure 4: Individual avatars versus all the individual simulations.

3. The frequency of avatars is a measure of subject uniqueness
for a given model - difficulty to generate avatars could indicate
that the subject is “unusual” according diagnostic to the model
and be a warning for model-based dose adjustment In
therapeutic individualization

4. Model : comparing parameter distributions (fig. 5)
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Figure &: Distributions of random inter-individual parameters for avatars [10%
error, BNR], 1 per ID selected randomly, EBEs, and the estimated
distribution.

5. Multi-variable simulations that assure agreement with data not
only variable by variable but also across variables

Conclusions

o Many potential uses for pharmacometric model avatars

o We developed a method to generate clinically relevant
avatars for population PK/PD models

o A dynamic simulation method, that stop simulating an ID when
the desired number of avatars has been reached, would be more
efficient and is being tested
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