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INntro

Many of the currently available model analysis tools have significant limitations, as summarised in
Table 1. [1-3]. Here we explore extensions of the local sensitivity analysis to obtain an extensive,
Intuitive, and scalable sensitivity analysis for large-scale models.

Table 1: Overview of available model analysis methods

Mathematical model « Comprehensive  Time + skill intensive
analysis « Explicit * Only for small models
assumptions * Not easy to interpret

Global sensitivity
analysis

Comprehensive
Easy to interpret

Only relative parameter contributions
Sensitive to conditions

Local sensitivity
analysis

Easy to interpret
Allows specific
predictions

Time consuming
No combined parameter effects
Sensitive to conditions

Methods

The analysis toolbox presented here utilizes the standard sensitivity analysis spider plots as
present in the esqglabsR package (v5.1.3) and the ospsuite package (v12.0.0) in R (v4.3.1).
Simulation models were created using a whole-body Physiologically-Based Pharmacokinetic
model (PK-SIm® v11.2) and extended in MoBi® (v11.2) to include TMDD or PD models. The
created models were saved as .pkml files and analyzed in R using dedicated R code for the
developed analysis toolbox.

Results

Here we developed a “repeated local sensitivity analysis spider plot”, a first extension of a single
spider plot, by repeating the same analysis for various combinations of two other parameters that
define relevant scenarios (Figure 2, Figure 5). The next step towards a comprehensive
understanding of model behavior was the model modification with a continuous infusion, to
Introduce a steady-state (Figure 3, Figure 6). Finally the output was normalized for the output of
the neighbouring compartment to identify the specific sensitivity for a single compartment (Figure
4).

Conclusion

As pointed out by Gabrielsson and Peletier[4], analyzing a system in a continuous infusion
steady-state can provide significant insight into nonlinear models, such as TMDD models. Here
we provide such an analysis in a numerical sensitivity analysis framework. This framework allows
the application of numerical steady-state analyses to large-scale PBPK or QSP models, as
llustrated by the whole body PBPK and the PBPK-TMDD examples. This analysis can be further
normalized to provide insight on steady-state concentration ratios rather than absolute
concentrations. Intermediary versions in between a single sensitivity analysis and a repeated
normalize steady-state sensitivity analysis can be of additional values, such as the (normalized)
repeated sensitivity analysis.
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Figure 6: Repeated steady-state sensitivity analysis of the default PK-Sim small molecule model with continuous infusion of the drug in the venous
blood plasma compartment, with total hepatic clearance and renal filtration. The reference values for the lipophilicity is 2.5. Left: Plasma concentrations
Right: Spleen intracellular concentrations.
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From single spider plots to repeated stead-state
sensitivities

Single local sensitivity analysis spider plots. What happens if we change more than 1 parameter at a time?
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Figure 3. Repeated stead-state sensitivity analysis of a minimal 2-compartment model with continuous infusion of the drug in the peripheral compartment,
for various parameter value combinations. Reference values for kin, kout and kel are 1/h.

Repeated normalized steady-state sensitivities. Parameter impacts on the Peripheral/Central concentration ratio.
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Figure 4: Repeated normalized steady-state sensitivity analysis of a minimal 2-compartment model with continuous infusion of the drug in the peripheral
compartment, for various parameter value combinations. Reference values for kin, kout and kel are 1/h. Terminal concentrations in the peripheral
compartment are divided by terminal concentrations in the central compartment to provide nomarlized concentrations.

Application to a MoBI tissue TMDD model
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Figure 5: Repeated sensitivity analysis of a tissue TMDD model with continuous infusion
of the drug in the peripheral compartment, for various parameter value combinations.
The reference values for Kd is 1 nM. Top right: Relative output values compared to
output value for the reference value of the input parameter Bottom right: Absolute output
values.
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