Advancing gynecological therapeutics with QSP Model: applications for GnRH antagonist
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Introduction
Merigolix represents a novel oral nonpeptide GnRH antagonist currently under clinical development for the treatment of endometriosis and uterine fibroids. The development of GnRH antagonists for gynecological therapeutics requires comprehensive understanding of their pharmacological effects on the complex hormonal feedback mechanisms governing the menstrual cycle. Quantitative Systems Pharmacology (QSP) modeling offers a mechanistic approach to elucidate the intricate dynamics of the hypothalamic-pituitary-ovarian (HPO) axis and predict therapeutic responses to hormonal interventions. Such mechanistic modeling is essential for advancing our understanding of drug-induced hormonal modulation and optimizing therapeutic regimens for estrogen-dependent disorders.
Aims
This study aimed to construct a mechanistic QSP model of the human menstrual cycle to simulate the dynamics of luteinizing hormone (LH), follicle-stimulating hormone (FSH), and estradiol (E2) following merigolix administration. Specifically, we sought to integrate previously developed population pharmacokinetic parameters from phase I clinical data with pharmacodynamic effects on GnRH receptor inhibition within a deterministic QSP framework, enabling prediction of dose-dependent hormonal suppression and elucidation of the pharmacological mechanisms underlying merigolix action.
Methods
A deterministic QSP model framework without delay equations was developed to represent the HPO axis, employing a streamlined approach with fewer differential equations and parameters while maintaining physiological relevance. Population pharmacokinetic parameters previously developed from phase I clinical data were integrated with pharmacodynamic effects on GnRH receptor inhibition. The model framework was designed to capture intricate hormonal feedback loops and ovarian follicular development characteristic of the menstrual cycle. Merigolix-specific pharmacokinetic parameters and pharmacodynamic effects on GnRH receptor inhibition were incorporated into this mechanistic model. All simulations were conducted using the mrgsolve package in R, enabling efficient exploration of dose-response relationships and hormonal dynamics.
Results
The developed QSP model successfully reproduced the characteristic cyclic patterns of LH, FSH, and E2 observed in healthy premenopausal women, validating the model's ability to represent normal menstrual cycle physiology. Model simulations predicted dose-dependent hormonal suppression induced by merigolix, clearly demonstrating its pharmacological effects on LH, FSH, and E2 suppression within the context of menstrual cycle dynamics. The integrated pharmacokinetic-pharmacodynamic framework effectively elucidated the mechanism of GnRH receptor antagonism and its downstream effects on gonadotropin and estradiol regulation.
Discussion
This QSP modeling approach provides essential mechanistic insights into the pharmacological actions of merigolix on the HPO axis, significantly enhancing our understanding of GnRH antagonist pharmacodynamics. The successful integration of pharmacokinetic-pharmacodynamic relationships within a mechanistic systems model demonstrates the value of QSP approaches in gynecological therapeutic development. These findings facilitate informed dose optimization and therapeutic regimen design for clinical management of estrogen-dependent disorders, offering a robust framework for translating mechanistic understanding into clinical application. The streamlined modeling approach employed here, utilizing fewer parameters while maintaining physiological relevance, presents a practical tool for advancing the development of GnRH antagonists and related hormonal therapeutics.
