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ABSTRACT

In 2017, the free and open-source software Open Systems Pharmacology (OSP) was launched. Since then, OSP has evolved from a
small community into a diverse network of stakeholders committed to advancing open-source solutions for model-informed drug
development (MIDD). In this context, the first OSP Community Conference was hosted by Novartis in Basel, Switzerland, on
October 7-8, 2024, which gathered over 100 attendees from more than 40 institutions. This perspective synthesizes key insights
from the conference.

1 | Conference Sessions and Covered Topics suite are visually summarized in Figure 1, highlighting top-

ics discussed at the conference. Table S1 in the Supporting
An overview of the conference sessions, key points, and Information lists novel software enhancements presented at
speakers is provided in Table 1. Application areas of the OSP the conference, along with links to their resources. Further
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information, including the agenda and presentations, can be
found on the conference website (https://www.open-systems-
pharmacology.org/conference_2024.html).

2 | InVitro-In Vivo Translation for Absorption,
Distribution, and Clearance

A major theme of the conference was the translation of
in vitro measures into clinical pharmacokinetics. Various
physiologically-based biopharmaceutics modeling (PBBM) ap-
plications were presented in Session I, including a workflow
for virtual bioequivalence, which is currently being developed,
and a digital replication of the tiny-Tim model in MoBi, which
successfully simulated the effect of food on drug exposure.
Additionally, an enhanced PBBM framework was introduced,
featuring (1) a toolbox for characterizing drug solubilization, (2)
a versatile dissolution model for bridging in vitro test conditions
in MoBi, and (3) an experimental PK-Sim version that integrates
whole-body PBPK with updated in vitro dissolution functions.
These advancements link in vitro dissolution testing to the clin-
ical performance of oral drug products.

Session IT focused on challenges and advancements in in vitro-in
vivo extrapolation (IVIVE), particularly in predicting human
intestinal absorption and hepatic clearance. An IVIVE method
for predicting intestinal absorption by utilizing Caco-2 permea-
bility and categorization of metabolism and transport was pre-
sented and the impact of assay conditions on translatability was
discussed. For hepatic clearance, various case examples were
presented that demonstrated improved predictive performance
of PBPK models when simulating data from organ-on-a-chip
(O0C) systems in MoBi for subsequent integration into PK-Sim.
Noteworthy, the fraction unbound in the in vitro system signifi-
cantly influenced prediction quality.

To enhance user-friendliness for IVIVE, a new R-based toolbox
was introduced to derive parameter values from in vitro data
for incorporation in PK-Sim. Importantly, this toolbox uses al-
gorithms to calculate the fraction unbound in the in vitro assay
that are consistent with those used in PK-Sim to calculate tissue/
plasma partitioning. Furthermore, it accounts for experimental
artifacts by incorporating adjustments for plastic partitioning
and volatility. The necessity for standardization in IVIVE appli-
cations was also discussed, along with recent efforts to achieve
this goal [1].

3 | Special Populations

PBPK modeling for special populations, particularly in obstet-
ric populations, was another significant focus of the conference
(Session VIII). Pregnancy PBPK models are valuable tools for
predicting PX alterations and drug exposure in utero, helping
to identify risks for both mother and fetus while providing an
ethical alternative to studies involving pregnant people. Despite
growing use, documented applications of pregnancy and lac-
tation PBPK models in drug labeling remain scarce. However,
with an increasing number of required post-marketing studies
for pregnancy and lactation issued by the US Food and Drug

Administration (FDA) [2], PBPK modeling has untapped poten-
tial for these populations.

Discussions on lactation PBPK modeling emphasized the need
for robust methodologies to assess drug transfer into human
milk and subsequent infant exposure. Various PBPK frame-
works were presented to predict drug concentrations in human
milk. While the models demonstrated reasonable predictive
performance for several drugs, some instances of overprediction
were noted. These overpredictions indicate that further model
refinement along with additional physiological data during lac-
tation is necessary.

Challenges associated with drug use in patients with hepatic im-
pairment were also addressed. To enhance PBPK modeling in
cirrhotic patients, a comprehensive pathophysiology repository
was introduced, which is based on continuous disease progres-
sion rather than relying on discrete categories like Child-Pugh
scores and incorporates population variability. This repository
aims to provide a more nuanced understanding of the patho-
physiological changes associated with liver cirrhosis, which
may improve the predictive accuracy of PBPK simulations and
allows informed predictions of pharmacokinetic variability in
this population.

4 | Beyond Small Molecules: Modeling Biologics

Key discussions on large molecule modeling in Session VII in-
cluded the integration of PBPK models that account for binding
to the neonatal Fc receptor (FcRn) in plasma (pH 7.4) and the en-
dosomal space (pH 6). The model implemented in PK-Sim was ex-
tended to make it applicable to molecules that show FcRn binding
in plasma, which is especially important for adequate prediction
of drug clearance, half-life, and the effect of novel modalities, such
as FcRn inhibitors or FcRn-mediated sweeping antibodies [3]. The
updated model was extensively analyzed using repeated sensitiv-
ity analysis and compared with the original model, demonstrating
greatly enhanced sensitivity to FcRn binding at pH 7.4.

A comprehensive, quantitative systems pharmacology (QSP)
model for predicting subcutaneous absorption, bioavailabil-
ity, and immunogenicity was also presented. This model was
evaluated using in vivo pharmacokinetic data from 31 biolog-
ics, primarily monoclonal antibodies (mAbs). Model evaluation
demonstrated good predictive performance, capturing the area
under the concentration-time curve and maximum plasma con-
centration within a 0.80-1.25-fold error range for 60% of mAbs.
The need for ongoing collaboration between researchers and
regulatory bodies to ensure the effective application of PBPK
modeling for large molecules was emphasized.

5 | Expanding OSP: Novel Tools, Extensions, and
Software Updates

The conference showcased novel tools and extensions for OSP
that are, or will be, freely shared with the community. Table S1
provides an overview of these enhancements, which aim to im-
prove usability and efficiency of OSP in MIDD.
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OSP-Suite applicability along the value chain
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FIGURE1 | Applicability of the OSP-Suite along the value chain and beyond. Application areas are represented by boxes, the pictograms present

the capabilities of the OSP-Suite. Circles emphasize the targeted topics at the OSP Community Conference in 2024. 3R, Replace, Reduce, Refine;
ADME, Absorption, distribution, metabolism, excretion; BE, Bioequivalence; DD(G)I, Drug-drug(—gene) interaction; FcRn, Neonatal Fc recep-
tor; hFabs, Human fraction absorbed; IV, Intravenous; OoC, Organ on a chip; OSP, Open Systems Pharmacology; PBBM, Physiologically Based
Biopharmaceutics Modeling; PD, Pharmacodynamics; PK, Pharmacokinetics; QSP, Quantitative systems pharmacology; SC, Subcutaneous.

Of note, Session IV introduced a new modularization concept
for the upcoming OSP version 12. This concept organizes com-
plex models (such as coupled PBPK, QSP, pharmacodynamic,
and disease models) into distinct, manageable modules. These
modules can be easily combined, which simplifies model main-
tenance, extension, and integration. This modularization may
also enhance model reusability across various projects, promot-
ing collaboration within the OSP community.

6 | OSP (Re-)qualification and Application in
Regulatory Submissions

The importance of the current (re-)qualification framework for
OSP [4] was addressed throughout the conference. Rigorous
quality assurance protocols were presented in Session IX, in-
cluding comprehensive platform validation and qualification for
specific intended uses. These measures are critical for maintain-
ing high-quality standards and ensuring that the platform aligns
with regulatory requirements.

Several examples were discussed that demonstrate how OSP has
been successfully used in regulatory interactions. For exam-
ple, Session V presented a PBPK model for finerenone that was
coupled with the independently validated network of CYP3A4
modulators in PK-Sim. The simulation results contributed to
the overall drug-drug interaction (DDI) assessment, replaced
clinical DDI studies with in silico analyses, and successfully in-
formed the prescription label of finerenone [5]. The discussed

examples, along with the fact that PK-Sim and MoBi files are
accepted formats for regulatory submissions, highlight the ac-
ceptance of OSP as a free and open-source tool in regulatory
interactions.

In Session VI, complex dermal absorption modeling was pre-
sented as a prototype example for the Model Master File frame-
work since the FDA has begun accepting mechanistic dermal
absorption models as substitutes for in vivo bioequivalence tri-
als [6]. However, the lack of consensus around the pharmaco-
kinetics of a given drug could lead to regulatory decisions based
on inconsistent science. To address this, the FDA proposed the
Model Master File framework, encouraging the use of stan-
dardized models that incorporate key accepted absorption,
distribution, metabolism, and excretion (ADME) mechanisms
relevant to specific drug products. While the development of
these standardized models faces challenges due to limited in-
centives, academic-industrial partnerships leveraging OSP as
an open-source tool offer a promising solution.

7 | Navigating Regulatory Landscapes

As PBPK modeling gains traction, understanding regulatory im-
plications is crucial; thus, Session ITI addressed regulatory require-
ments and interactions. Speakers from the European Medicines
Agency elaborated on the risk-informed credibility assessment
framework, emphasizing the need for international standards
that consider the context of model use, specific questions they
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aim to address, and potential risks in case model predictions are
inaccurate. This framework aligns with the ICH draft guideline
on MIDD (https://database.ich.org/sites/default/files/ICH_M15_
EWG_Step2_DraftGuideline_2024_1031.pdf) and is intended to
foster collaboration among stakeholders, thereby ensuring that
PBPK models meet regulatory expectations, while supporting
decision-making during drug development.

A comprehensive review of all European Public Assessment
Reports (EPARs) from approved marketing authorization appli-
cations in 2022-2023 showed that 25 of the 95 applications (26%)
included PBPK models (independently of the software used) [7].
The assessment revealed an overall qualification rate of 28%,
with a 37% acceptance rate for models used to support claims in
the Summary of Product Characteristics (SmPC). Key concerns
for non-qualification included structural omissions in the PBPK
model, insufficient justification of assumptions, and poor pre-
dictive performance. These concerns are areas for improvement
in future submissions.

Insights into the regulatory landscape in Japan indicated in-
creased acceptance of PBPK models in new drug applications
and labeling by the Pharmaceuticals and Medical Devices
Agency. Since 2015, 33 drug product labels have incorporated
PBPK modeling results, primarily in oncology. The predominant
application has been the assessment of CYP3A4-mediated DDIs,
specifically when the drug was co-administered with moderate
or weak CYP3A4 modulators.

A similar trend for PBPK-related submissions was observed for
the FDA along with a notable increase in the number of submis-
sions containing QSP [8]. Four case examples from interactions
with the FDA were presented, demonstrating the application of
PBPK or QSP modeling to understand DDIs, explore drug repur-
posing, conduct pediatric extrapolation, and assess treatment
duration. These examples demonstrate the growing recogni-
tion of PBPK and QSP modeling as valuable tools in regulatory
decision-making.

8 | Conclusion

The recent advancements in PBPK and QSP modeling discussed
at the OSP Community Conference have significant potential
for MIDD. Since its launch as free and open-source software
in 2017 [9], OSP has fostered a diverse and rapidly expanding
community [10], reflected in the wide range of topics and inno-
vative tools showcased at the conference. Ongoing collaboration
among stakeholders will be vital for enhancing the software’s
functionality and usability. The successful utilization of OSP in
regulatory submissions further emphasizes its value as a trans-
parent and open-source solution. This approach has the poten-
tial to streamline innovation, optimize resource allocation, and
increase public trust in drug development.
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