
PhD fellowship – Investigating Y-90 digital PET imaging with Monte-Carlo simulations and 
machine-learning – Lyon – 2018 
 
https://www.creatis.insa-lyon.fr/site7/en/node/46629  
 
Medical and scientific context 
Molecular imaging by Positron Emission Tomography (PET) techniques provides patient body 
information at the molecular and cellular levels thanks to β+ emitters radiopharmaceuticals.  
 
Selective Internal Radiation Therapy (SIRT) or Y-90 microsphere radioembolization is a 
treatment for unresectable hepatic malignancies and metastases that can be monitored with 
PET imaging. This monitoring is of prime importance for patient safety and to move towards 
personalized dosimetry. However, only few β+ are emitted (32 positron per million decays), 
and high-energy prompt gamma (628 keV) are also emitted during decay. Both phenomena 
make quantitative PET images challenging.  
 
Recent advance in Digital Photon Counting (DPC) technology that directly convert scintillation 
light into a digital signal has allowed to reduce tradeoff between sensitivity and resolution. 
Philips Medical System recently developed Vereos PET/CT system, announcing sensitivity gain 
up to 2x larger than conventional system. This system, a digital PET or dPET, will be installed 
mid-2018 at LUMEN.  
 
The goal of the PhD is to investigate quantitative dPET Y-90 images thanks to Monte-Carlo 
simulations and apply the findings to clinical setting.  
 
Objectives and research program 
Monte-Carlo simulations will be used to perform in silico experiments of various acquisition 
configurations in order to assist medical physicist and clinicians to optimize image quality with 
clinical constraints. Because simulations are very time-consuming, acceleration methods will 
be investigated based on Variance Reduction Technique (VRT) and/or Machine Learning (ML) 
approaches. In particular, it is envisioned that complex detector response could be learnt by 
a neural network that will spare time-consuming particles tracking in the detector elements. 
Image reconstruction will be performed by Philips software. Developments will be performed 
and included in the open-source GATE platform [1].  
 
This project is strongly linked with the clinical needs at LUMEN where SIRT therapy is regularly 
performed and will provide data for the study and clinical expertise. In particular, the 
personalized post-treatment planning and the treatment verification will be the main clinical 
expectations. In addition, the gain provided by the dPET over the acquisition time, noise 
reduction and the improvement of the detection of small hepatic lesions will be evaluated. 
 
At the end of the project, we will provide insights on the feasibility to obtain quantitative 
images when monitoring SIRT treatment, and how to optimize the acquisitions parameters in 
various clinical situations.  
 
Required skills: 

• Education: master in medical physics, applied mathematics or image processing. 



• Scientific interests: medical physics, applied mathematics, computer sciences 
(medical image processing), x-ray physics and imaging. 

• Programming skills: Python, C++ (ITK, GATE). 
• Languages: English required, French optional. 

Practical information: 
• Supervisors: David Sarrut (david.sarrut@creatis.insa-lyon.fr) and Jean-Noel Badel 

(jeannoel.badel@lyon.unicancer.fr) 
• Location: CREATIS Lab, Centre Léon Bérard, Lyon, France 
• Salary (net): around 1400 euros/month. 
• Period: three years starting between September-December 2018. 

 
How to apply?  
Send CV + letter to supervisors.  
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