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• Liver Cancer is the 6th most 
diagnosed cancer and the 3rd 
deadliest type globally.

• Treatment options depend on the 
cancer stage, which is determined 
by tumour’s size, location, and 
level of cellular differentiation.

• Patients with unresectable liver 
tumours are treated with Selective 
Internal Radiation Therapy (SIRT), 
also known as Transarterial 
Radioembolization (TARE). 
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• In this procedure, Yttrium-90 (𝟗𝟎𝒀) 
microspheres are injected through 
a catheter placed in the hepatic 
arterial vasculature.

• 𝛽− decay (99.98 %) into stable Zirconium-90 (90Zr).
• Energy: maximum 2.27 MeV, average 0.937 MeV.
• Tissue penetration: ~ 2.5 - 11 mm.
• 0.0115 % decay branch that can produce 𝑒+ via IPP.
• Produces 𝑒+ at a rate of 3.26 × 10−5 pairs per decay.

Post-treatment verification: 
• Assess 90Y distribution.
• Estimate absorbed dose in 

tumours, liver and 
surrounding tissues.

• Identify undertreated 
regions.

• 90𝑌 microspheres are not uniformly 
distributed in the Volumes of 

Interest (VOI’s).

• Photons interactions with tissues 
affect the quality of PET/CT imaging.

• Risk of radiation damage 
to healthy liver tissues.

• Standard dosimetry assumes uniform 𝟗𝟎𝒀 
distribution and homogeneous tissues, 
ignoring patient-specific variations and 

resulting in suboptimal prescribed activity.

• Monte Carlo simulations can be used to 
achieve more accurate dosimetry in SIRT.

• Accounts for tissue heterogeneity and non-
uniform 𝟗𝟎𝒀 distribution. 

Our goal is to perform personalized 
treatment using voxel-wise distributions 
and Dose-Volume Histograms (DVH’s) for 

greater accuracy.
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Signal Processing Chain - Digitizer

• SiPMs with Digital Photon 
Counting (DPC): each detected 
photon is individually processed.

• 511 keV 𝛾 → LYSO scintillation → 
optical photons → SiPMs → 
electrical signal → photon counts

Image Reconstruction on CASToR  

Healthy Liver (NLV), Tumours (PTV), 
Necrotic and surrounding organs

Administration of 
3.46 GBq 90𝑌 activity

OSEM algorithm (4 iterations, 12 subsets) 
with attenuation, scatter and randoms 

correction, incremental Siddon projection 
and 4 mm FWHM Gaussian post-filter

DVH’s GATE Monte Carlo result vs. VDK Calculations
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