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Abstract

Obesity is increasing rapidly worldwide, and the global prevalence is projected to reach 20% by
2030 [1]. Glucagon-like peptide-1 (GLP-1) receptor agonists, such as Semaglutide, have demonstrated
substantial efficacy in inducing weight loss. However, significant proportions of gastrointestinal (GI)
adverse events, such as nausea, remain an important challenge [2]. These events may negatively
affect treatment adherence and, consequently, limit the full clinical benefit of therapy.

We present a time-to-event modelling and simulation framework to characterize the risk of GI
adverse events during treatment with GLP-1 receptor agonists. The event process is described by an
instantaneous risk driven by drug exposure through an Emax relationship. To capture the clinically
observed decrease in GI event risk over time, drug tolerance is modelled as a latent dynamic state
that increases during treatment, reducing the risk of having an event over time and exposure.

Semaglutide exposure is simulated using a previously published pharmacokinetic model [3] and
dosing regimens from a phase 2 clinical trial [4]. Based on these exposure profiles, we explore the
risk of developing GI adverse events across multiple parameter scenarios.

Furthermore, we simulate treatment-induced weight loss using the Semaglutide model by Strathe
et al. [5] driven by the same simulated exposure profiles. Evaluating both GI adverse events and
weight loss under common exposure scenarios enables an exploratory assessment of how alternative
dosing and titration regimens may influence both tolerability and efficacy. The framework therefore
provides a basis for future model-informed dosing optimization, pending estimation of GI model
parameters from observed adverse event data.

We illustrate and discuss that the optimal model-based dosing can be formulated as an optimal
control problem. Optimal drug dosing is an important new application of process control involving
both the optimal dosing profile, but also a way to incorporate feedback.
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