
SNMMI 2025 - Bilan

⚫ Cancer de la prostate – PSMA

⚫ Cancer pulmonaire – organomics

⚫ Radiopharmacie

09/07/2025



SNMMI 2025 - Bilan

⚫ Cancer de la prostate – PSMA

⚫ Cancer pulmonaire – organomics

⚫ Radiopharmacie

09/07/2025



3



4



5



6



7



8



SNMMI 2025 - Bilan

⚫ Cancer de la prostate – PSMA

⚫ Cancer pulmonaire – organomics

⚫ Radiopharmacie

09/07/2025



10



11



12



13



14



15



16



SNMMI 2025 - Bilan

⚫ Cancer de la prostate – PSMA

⚫ Cancer pulmonaire – organomics

⚫ Radiopharmacie

09/07/2025



18



19
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Prediction of blood-brain barrier penetration of PET CNS drugs enabled by explainable machine learning

Clemens p Spielvogel, Natalie Schindler, Christian Schröder, Sarah Stellnberger, Wolfgang Wadsak, Markus Mitterhauser, Laszlo Papp, Marcus Hacker, Verena Pichler and Chrysoula 
Vraka, Journal of Nuclear Medicine June 2025, 66 (supplement 1) 251263;

Introduction: The blood-brain barrier (BBB) is a selective barrier that limits the transport of molecules from the bloodstream into the brain. For drugs unfolding their effects in the 
brain, the inability to cross the BBB can render an otherwise potent drug entirely ineffective. Hence, predicting the penetration of the BBB is crucial for the development of central 
nervous system (CNS) drugs and is one of the main hurdles for successful clinical phase I studies. In this study, we employ physico-chemical properties derived using experimental 
measurements and in silico methods to establish a public database and demonstrate that the included parameters can be integrated using machine learning to identify radiolabeled 
drug candidates capable of penetrating the BBB.

Methods: For a dataset of 154 radiolabeled molecules previously assessed in vivo for BBB penetration, we measured, calculated, and collected a total of 24 molecular parameters 
including molecular weight, polar surface area (PSA), logP values, hydrogen bond characteristics, and reproducible published scores. We further enhanced these parameters with a 
novel in silico 3D calculation of non-classical polar surface area. Based on the collected data, we trained and evaluated six machine learning classification models. All models were 
trained to predict two sets of targets - first, a binary prediction of BBB permeability (yes/no) and second, a multiclass classification differentiating CNS-negative, CNS-positive, and 
efflux transporters. Validation of the models was performed using a robust stratified 100-fold Monte Carlo (resampling) cross-validation scheme. Explainable artificial intelligence 
methods such as Shapley additive explanations (SHAP) and surrogate modeling were integrated to interpret the influence of individual molecular parameters on BBB penetration 
predictions and allow for a simplified visual representation approximating the decision process behind the otherwise opaque models. The resulting machine learning models were 
further compared with traditional approaches for the prediction of BBB permeability, including the CNS MPO, CNS MPO PET, and the BBB scores.

Results: While multiple individual parameters, including the novel 3D PSA were significantly different (p<0.05) in CNS-negative and CNS-positive drugs, none of them were able to 
reliably predict BBB penetration (AUC<0.57). On the other hand, multiparametric integration via machine learning models outperformed traditional predictive approaches, with a 
random forest-based classifier achieving the best performance for the binary BBB penetration prediction (AUC 0.88, 95% CI 0.87-0.90) and multiclass efflux transporter versus CNS-
positive and CNS-negative prediction (AUC 0.82, 95% CI: 0.81-0.82). SHAP analysis revealed the multifactorial nature of the problem, emphasizing the benefit of multivariate models 
over single predictive parameters while stressing the importance of the BBB score, the novel 3D PSA, and tPSA. Surrogate modeling demonstrated that the random forest model could 
be approximated using a simple decision tree model with four and six parameters for binary and multiclass classification respectively. A comparison with existing scoring systems 
like the CNS MPO (AUC 0.53), CNS MPO PET (AUC 0.51), and BBB (AUC 0.68) scores demonstrated the superior predictive capability of the machine learning model, while also 
enabling the identification of efflux transporter substrates.

•Conclusions: Our integrated machine learning approach utilizing in vivo measurements and novel in silico approaches enables the prediction of BBB penetration, potentially 
reducing reliance on extensive experimental measurements and animal testing. This study does not only provide the potential to accelerate and reduce costs of CNS drug 
development for radiopharmaceuticals but also provides the community with a standardized database of radio-labeled molecules and corresponding physico-chemical parameters.
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