
Speaker: Ha Nguyen Hong

QuyNhon, August 2019

Simulation of liver cancer treatment using 90Y microspheres 
based on anatomical image segmentation technique and 

Geant4 toolkit



Motivation

Research objectives

Materials and methods



The 10 Most Common Causes of Cancer Death, World, 2012 Estimates

Worldwide cancer statistics – Cancer Research UK



Treatment techniques 

 Surgery

 Chemotherapy

 Radioembolization (with 90Y microspheres) 

Pure-beta emitter;
Eβmax = 2.28 MeV; 
beta-penetration depth in tissue: 11.4 mm

90Y:



Source: SIRTex



Source: SIRTex



STEPS TO IMPLEMENT

1. Clinical examination

2. Pre-treatment

- Using 99mTc-MAA (Macroaggregated albumin) 
through microcatheter

- CT and SPECT scan

- Calculate lungs shunt fraction (LSF)

3. Activity planning of 90Y

4. Treatment

Radioembolization with 90Y 

- BSA; Partition model; MIRD methods.



1. Empiric Method Calculation:

Tumor 25 % of the liver mass 2 GBq for whole liver

Tumor >25% but <50 % of the liver mass 2.5 GBq for whole liver

Tumor >50 % of liver mass 3 GBq for whole liver



2. Body Surface Area (BSA) Method Calculation :

(1)

(2)



J Diagn Imaging Ther. 2015 ; 2(2): 1–34. DOI:10.17229/jdit.2015-0428-016



J Vasc Interv Radiol. 2014 Jul;25(7):1085-93.



3. Partition Model Calculation 

Atotal -lung = 
ୈౢ౫౤ౝ×୑ౢ౫౤ౝ×୐ୗ୊

ସଽ଺଻଴

Atotal -normal liver = ୈ౤౥౨ౣ౗ౢ ౢ౟౬౛౨ ×(୑౤౥౨ౣ౗ౢ ౢ౟౬౛౨ ା୘:୒ × ୑౪౫ౣ౥౨)

ସଽ଺଻଴×(ଵି୐ୗ୊)

T:N = (Atumor /Mtumor)/(Anormal liver/Mnormal liver)

Dlung: Limiting lung dose – 25Gy

Dnormal liver : Limiting normal liver dose – 80 Gy
(70 Gy for patients with cirrhosis)

(3)

(4)

(5)

LSF: Lungs shunt fraction (%)



J Diagn Imaging Ther. 2015 ; 2(2): 1–34. doi:10.17229/jdit.2015-
0428-016



MIRD Method:
MIRD Pamphlet 5 mathematical phantom



Research objective

STEPS TO IMPLEMENT

1. Clinical examination

2. Pre-treatment

- Using 99mTc-MAA (Macroaggregated albumin) 
through microcatheter

- CT and SPECT scan

- Calculate lungs shunt fraction (LSF)

3. Activity planning of 90Y

4. Treatment

- BSA; Partition model; MIRD methods.

Image-based simulation method



OEDIPE - Outil d’Evaluation de la Dose Interne PErsonnalisée

Validation of a personalized dosimetric evaluation tool (Oedipe) for targeted radiotherapy

• Based on MCNPX

• Simulated on human voxel model and ORNL mathematical model



VIDA toolkit

• Based on Geant4

VIDA: A Voxel-Based Dosimetry Method for Targeted Radionuclide Therapy Using Geant4



3D-RD toolkit

Use of the FLUKA Monte Carlo code for 3D patient-specific dosimetry on PET-CT and SPECT-CT images

• Based on EGSnrc , extension of prior dosimetry package 3D-ID  

• Images input: SPECT, PET, CT

MCID - MC integration Internal Dosimetric (based on MCNP5)



Monte Carlo 
simulation

Geometry Physics process

Decay 
model

Transport 
model



Materials and methods

Geometry

Geometry
construct

Material 90Y distribution
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Geometry
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construct
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Materials and methods

• Segmentation
• Edge detection
• 3D reconstruction

Geometry
construct

How to validate?



Materials and methods

Geometry

Geometry
construct

Material 90Y distribution



Materials and methods

Material

HU Fidelity of the AquilionLB: 
https://www.wienkav.at/kav/kfj/91033454/physik/ct/edens.htm

CT numbers

Electron Density Phantom model M062M 



Materials and methods

Material

CT number-density

How to validate?



Materials and methods

Geometry

Geometry
construct

Material 90Y distribution



Materials and methods

90Y distribution

Using SPECT image

99mTc-MAA SPECT imaging

Using SPECT-CT image



Monte Carlo 
simulation

Geometry Physics process

Decay 
model

Transport 
model



Materials and methods

Geant4, an most advance OOP toolkit for the simulation of the passage of particles through matter. Its areas of
application include high energy, nuclear and accelerator physics, as well as studies in medical physics





Materials and methods

Decay model

Week interaction: n  p + e- + 𝑣௘
ି

In Geant4: G4RadioactiveDecay() provides:

• nuclear half-lives,
• nuclear level structure for the parent or daughter nuclide
• decay branching ratios
• the energy of the decay process. 

These data taken from the Evaluated Nuclear Structure Data File (ENSDF) - National 
Nuclear Data Center - Brookhaven National Laboratory 



Materials and methods

Decay model

The shape of the energy spectrum of the emitted electron:
ଶ

௘
଴ ௘

ଶ
௘ ௘ ௘ ଴ ௘

G4RadioactiveDecay() 

Where:
• E0: Endpoint energy of decay, taken from ENSDF data

• Ee, pe : Emitted electron energy and momentum

• Z: atomic number

• F: Fermi function

• S: Shape factor

𝐹(Z, 𝐸௘) = 2(1 + γ) (2𝑝௘𝑅)ଶஓିଶ𝑒±గఈ௓ா೐/௣೐
Γ γ + 𝑖𝛼𝑍𝐸௘/𝑝௘

ଶ

Γ 2γ + 1 ଶ

• R: nuclear radius
• 𝛾 =  1 − (𝛼𝑍)ଶ 
• 𝛼 : fine structure constant
• Γ γ + 𝑖𝛼𝑍𝐸௘/𝑝௘

ଶ computed using Wilkinson approximation
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Transport model

Materials and methods

Electron

Ionisation

Bremsstrahlung (photon)

Photo electric

Compton scattering

Pair production

δ electron



Transport model

Materials and methods

G4LivermoreIonisation

G4PenelopeIonisation

- Shell structure

- Shell structure

𝑑𝐸

𝑑𝑥
=  ෍ 𝜎௦(𝑇)

∫ 𝑡
𝑑𝜎
𝑑𝑡

𝑑𝑡
்௖

଴.ଵ௘

∫
𝑑𝜎
𝑑𝑡

೘்ೌೣ

଴.ଵ௘௏
𝑑𝑡௦

• T: incident energy.

• Tc: secondary electron production threshold

• Tmax = 0.5T : maximum energy transferred to a 

secondary electron.

• 𝜎௦ 𝑇 : total cross-section for the shell s at incident 

kinetic energy T

- Semi-empirical model, data from EEDL

Ex.:

- Based on Generalized Oscillation Strength (GOS) model

𝜎ି 𝐸 =  𝜎ௗ௜௦,௟ +  𝜎ௗ௜௦,௧ + 𝜎௖௟௢
ି

distant longitudinal
distant transverse

close interactions

𝜎ௗ௜௦,௟ =  
2𝜋𝑒ସ

𝑚௘𝑣ଶ
෍ 𝑓௞

1

𝑊௞
𝑙𝑛

𝑊௞

𝑄௞
௠௜௡

𝑄௞
௠௜௡ + 2𝑚௘𝑐ଶ

𝑊௞  + 2𝑚௘𝑐ଶ
𝛩(𝐸 − 𝑊௞)ቇ

௦௛௘௟௟௦



Transport model

Materials and methods

G4EmStandardPhysics_option4Most recommended: 

 Benchmark: Livermore

Penelope

EmStand_opt4

Experimental



Transport model

Materials and methods

Source: V. Ivanchenko, CERN & Geant4 Associates 
International



Transport model

Materials and methods



Cross Sections for Electron Collisions with Water Molecules

Transport model

Materials and methods

 Develope new semi-empirical model based on Livermore



Transport model

Materials and methods

How to validate? • Dose
• Cross section
• Mean free path
• …

Compare with 
experimental result 
published.



Applications and Perspectives

-Calculate for several treatment cases
-Developing a platform 



Comparision

This research 108 Military Hospital

post-treatment PET/CT scan 

Dose distribution

Simulation

Dose distribution

Compare



Preliminary
result



Preliminary result

Geometry constructed from 
DICOM CT of a patient 
treated in Hospital 108 
(Vietnam) 



Generate MAA 
distribution based on 
SPECT. 

- Using ITK toolkit: 
itkImageSeriesReader
class

- A new class implemented 
into G4 for generating 
MAA distribution



Exported to gdd format for being displayed by gMocren

Preliminary result




