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PERSPECTIVE

Evaluating Systems Pharmacology Models Is
Different From Evaluating Standard Pharmacokinetic—

Pharmacodynamic Models

B Agoram’

Based on the author’s recent experience, there appears to be some confusion regarding the steps required
to qualify a systems pharmacology model as adequate for the intended purpose.This manuscript outlines
the model evaluation approach used in the author’s recent publication’ on the systems pharmacology of a
5-lipoxygenase inhibitor and is an attempt to generate discussion on this topic within the pharmacometrics

and systems pharmacology community.
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As the pharmacokinetic—-pharmacodynamic (PKPD) model-
ing community realizes the value of systems pharmacology
modeling in drug discovery and development and practices
more of it, an understanding of some of the differences in the
practice of modeling between the two communities is neces-
sary. Model evaluation, for standard PKPD models, typically
consists of two main steps:

1. Evaluation of the adequacy of the parsimonious model—
i.e., a model with the fewest number of estimated
parameters—to describe the data: this is typically done
using goodness-of-fit plots of predicted and observed
concentrations, and the weighted residuals, simulation-
based checks such as visual predictive check, and com-
parison of the minimum objective function value.

2. Evaluation of the predictive capability of the model:
though not as commonly applied as step 1, an exter-
nal predictive check may also be sometimes applied to
evaluate the ability of the model to predict outcomes
which have not been used to train the model, if such a
data set exists.

These model evaluation steps are often considered suf-
ficient qualification for the typical uses of a PKPD model:
selection of doses in a trial, description and interpretation of
longitudinal study data, etc.

These steps may not always be possible, relevant, or
adequate evaluation of a systems pharmacology model for
various reasons. For example, in many cases, these models
are used to generate hypotheses and are, therefore, explor-
atory in nature. Any imprecision or bias in the description of
data may not be sufficient to reject the models as not use-
ful. Indeed, as pointed out recently,?® discrepancy between a
systems model and observed data may itself be informative
about the existing knowledge of an underlying mechanism.
Unlike PKPD models, whose data come from controlled
clinical and preclinical trials, the data for developing systems
models tend to be drawn from various sources, including clin-
ical, preclinical, and in vitro experiments, and thus may be

associated with unknown uncertainty. Also, the most parsi-
monious model is not always the most useful model for devel-
oping a mechanistic understanding of the system.

This discrepancy in the approach to evaluating systems
models vs. standard PKPD models has caused some con-
fusion within the systems pharmacology and pharmacomet-
rics community, an example of which we encountered during
the review process of our manuscript published recently in
this journal.! In that paper, a systems model of the arachi-
donic acid pathway was developed and used to understand
the therapeutic value of blocking the 5-lipoxygenase (5-LO)
enzyme. The following steps were taken to evaluate the
model reported in that manuscript. In this author’s opinion,
these steps provide a convenient framework for evaluating
systems models in general and are provided here to gener-
ate further discussion on this topic.

CLEAR STATEMENT OF THE OBJECTIVE OF THE MOD-
ELING EXERCISE

All model development and evaluation should be fit-for-
purpose. Cliched as this sounds, it is worth remembering
this point, since systems models are typically developed for
objectives quite different from those for standard PKPD mod-
els. The objectives would determine the model scope—prior
knowledge the model is built on, understanding of the physi-
ology, the biological scale of the problem, the source of the
model parameters, etc. In the study of Demin et al.,' the main
objectives of the effort were to understand the mechanism
behind the two-phase bronchodilatory response of zileuton,
a 5-LO inhibitor, and to compare the relative bronchodilatory
efficacy of 5-LO inhibition and leukotriene receptor blockade.
Sufficient literature exists on the mechanism of action of
5-LO to formulate the system of equations; however, accu-
rate human in vivo parameter values are not known. There-
fore, the mathematical model structure, with parameters
estimated from in vitro and ex vivo human and animal data,
was considered sufficient for these objectives, in spite of their
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unknown uncertainty. Thus, model calibration and evaluation
of predictive capability were not performed. For a more quan-
titative objective (e.qg., study design), more accurate parame-
ter values would be required and consequently, a robust data
set would be necessary.* It is important that, along with stat-
ing the objective of the modeling exercise, the model evalua-
tion procedure is also justified up-front.

JUSTIFICATION OF THE MODEL STRUCTURE

For many PKPD models, the structure is usually well accepted
within the modeling community, and justification of the final
model structure only requires support of the parsimony prin-
ciple—i.e., that the model provides a sufficient goodness-
of-fit of the data using the fewest number of parameters.
Selection of a systems model structure is usually based on
different considerations—on the basis of prior knowledge of
the underlying mechanism only,"5 available data and/or prior
knowledge of the mechanism,* or a desire to explore the abil-
ity of unknown mechanisms to describe data.® Prior knowl-
edge of the underlying pharmacology is, therefore, critical to
the justification of the model structure. Simple representa-
tions of the model that capture the essence of the underlying
pharmacology are critical to justify the model to reviewers,
especially when the model is complex or when the model
structure is being reported for the first time. Another prac-
tice that greatly helps facilitate this interaction is if the full
model code and all parameter values were made available to
the reviewers and readers in a software-independent format
(e.g., Systems Biology Markup Language) while submitting
the manuscript for review, as is indeed required by this jour-
nal. For cases where exploratory models are evaluated, the
choice of alternative models should also be clearly justified,
since the number of alternative models can be large.

EVALUATION OF COMPONENT SUBMODELS

In many cases, the overall model is composed of individual
subcomponents each describing different pharmacologi-
cal interactions integrated either within the same scale’ or
across multiple scales.>”® The component submodels can be
relatively simple (e.g., E,, type models) or more complex.
Standard model development criteria—goodness-of-fit plots,
visual predictive check, etc—can be applied to the evalua-
tion of simple models, as is done by Demin et al." Individual
parameter sensitivity analyses can also be used to evaluate
the impact of the uncertainty in the assumed parameter value
on the emergent properties of the submodel.

QUALIFICATION OF THE EMERGENT PROPERTIES OF
THE SYSTEM

The final systems model is typically used in one or more of
the following ways: (i) to explore experimentally untested
input—output response in a system; (ii) to understand com-
plex behavior of a system; and (iii) to develop a quantitative
understanding of all markers in a system. Objectives (i) and
(ii) are semi-quantitative, therefore, previously listed model
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evaluation steps are considered sufficient to qualify the
model as fit for these purposes even if the predictions and
observations do not entirely agree. In our publication,’ this
was the case, the predicted maximum bronchodilation for
zileuton was ~20—25%, whereas the reported value is ~15%.
No effort was made to further refine model parameters to
ensure a more accurate prediction. If an accurate and unbi-
ased description of the data is required, further refinement of
model structure and parameter values may be required. If so,
the choice of parameter to be reestimated and the modifica-
tions to the model structure should be justified.*

DISCUSSION AND CONCLUSION

Recently, Hendriks? initiated a discussion on some pitfalls
in the evaluation of systems models by methods commonly
applied to empirical PKPD models. The intent of this com-
mentary is to contribute to this emerging debate by illustrat-
ing how a systems model of 5-LO inhibitor was evaluated,’
based on other recent systems pharmacology publications.*®
Possibly, this could provide a first framework for evaluating
systems pharmacology models.

Empirical PKPD models are often confirmatory; there-
fore, a precise unbiased description of data is necessary to
achieve this. For example, to confirm dose adjustment in a
subpopulation, an accurate and unbiased description of the
variability in exposure is required. However, a systems model
may be useful even while providing an inaccurate description
of data because such an inaccurate description could pro-
vide insights into false assumptions regarding the underlying
pharmacology. Therefore, standard diagnostics (parsimony,
goodness-of-fit plots, objective function value, visual predic-
tive check, etc) should not be the sole criteria for evaluating
systems models, even though correspondence between pre-
diction and observation is necessary to engender confidence
in the model. This dichotomy between subjective and objec-
tive criteria is at the root of the confusion in how to evaluate
these models. In the author’s experience, a clear statement of
the objectives of modeling exercise can go a long way in both
identifying and helping to justify the evaluation procedure.

If objective criteria such as the ones commonly used are
not applicable, then what? Justification of a systems model
on the basis of plausible structures and parameter values
based on prior mechanistic knowledge and qualitative com-
parison of prediction vs. observations all constitute subjective
criteria and should be acceptable for systems model justifica-
tion. For example, in the study by Demin et al.," the predicted
bronchodilation for zileuton was 20-25% vs. ~15% observed.
However, the conclusions were still considered valid because
of a weight-of-evidence approach: accurate prediction of bio-
marker and bronchodilation changes with montelukast, the
known assumptions in the model, and the qualitative rather
than quantitative objective of the effort. Because of these
limitations, it is prudent to often consider a systems model as
a plausible and useful mathematical description of a system
and not as the definitive description of the system.

Hopefully, further discussion of this topic will result in a
more formal guidance for the modeling community. In the
meanwhile, the set of points to consider in this commentary



may help provide a starting point for obtaining convergence
between authors and reviewers of systems models and help
map out a way forward for authors and peer reviewers to
reach a compromise in evaluating these models.
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