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Application to liver cancer treatment with °°Y
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Abstract

The Yttrium-90 is a type of therapeutic isotope which have maximum beta
energy of 2.23 MeV, the penetration in tissues about 1.1 cm and its half-life of
64.1 hours. Therefore, it is widely used in brachytherapy, especially in the
hepatocellular carcinoma and other liver cancers. The quality of the treatment
depends largely on the dose calculation in regimen planning. There are some
dose calculation methods: (I) Body Surface Area method (BSA), (II) Empiric
method, (IIT) Partition method and (IV) MIRD method. All of these method are
analytic or empiric methods. There have been some studies showing the
limitations in accuracy of these methods. This study would present an approach
to calculate dose and activity in treatment planning by Monte Carlo simulation
method. By using anatomical segmentation techniques to define geometry of
liver and tumor for construct the simulation geometry. Besides, the distribution
of *°Y in the liver also determined by this method based on SPECT images.
The material of liver/tumor is determined via CT number-densities based on
Hounsfield scale. We are developing several semi-empirical models and
implement to the Geant4 toolkit to simulate the interaction of the electron with
matter and deposited dose distribution in the patient liver.

Mé phéng phan bé licu 3D dua trén hinh inh bang cong cu Geantd: Ap dung
cho diéu tri ung thw gan sir dung dung dong vi *'Y

Tiwr khoa: Geant4, m6 phong Monte Carlo, DICOM, xa tri tdc mach phong xa.
Tém tat

Yttrium-90 1a mot loai déng vi phat buc xa beta véi nang lugng cuc dai
2.23 MeV, d6 dam xuyén trong mo6 khoang 1.1 cm va n6 ¢6 chu ky bén ra 1a


mailto:pvcuong@iop.vast.ac.vn

64.1 gid. Vi vay n6 dugc st dung rong rai trong xa tri tdc mach, dic biét 1a diéu
tri ung thu biéu mo té bao gan va mot sd loai ung thu gan khac. Chat luong cta
viéc diéu tri phu thudc chu yéu va viéc tinh hoat do duoc chit can cung cép cho
bénh nhin. Mot sb phuwong phap hién nay duoc st dung d6 1a: (I) Dién tich bé
mit co thé (BSA), (II) Phuong phap kinh nghiém, (IIT) Phwong phap phan doan
va (IV) Phuong phap MIRD. D6 déu 1a nhitng phuong phap giai tich hodc dua
trén kinh nghiém. P4 c6 mot sd nghién ciru chi ra nhitng gi¢i han vé d6 chinh
X4c clia cac phuong phap nay. Nghién ctru nay sé trinh bay cach tiép can dé xac
dinh li¢u va hoat do can cung cap cho bénh nhan bang phuong phdp mo phong
Monte Carlo. Bang viéc sir dung k¥ thuat phan manh y té dé xac dinh hinh hoc
ctia 14 gan va khéi u, phuc vu cho viéc xay dung hinh hoc mé phong. Bén canh
d6, su phan bd cua *°Y trong gan ciing dugc xac dinh biang phuong phap nay
dua trén hinh anh SPECT cua bénh nhan. Vit li€u cua la gan/khéi u duoc xac
dinh thong qua bo chuyén déi CT number-densities trén thang Hounsfield.
Chung t6i dang phét trién mot s6 mo hinh ban thuc nghiém va dua vao cong cu
mo phong Geant4 dé mo phong qua trinh twong tac cta electron vai vat chét va
xéc dinh su phan b liéu trong gan ctia bénh nhan.

1. Introduction

Radioembolization with yttrium-90 (°°Y) microspheres is becoming a
preferred treatment for primary and secondary hepatic malignancies. Selection
of the proper treatment activity is paramount to providing a high degree of
safety and efficacy with *°Y radioembolization. However, calculation of
treatment activity has largely remained empiric, based on fractional hepatic
involvement and body surface area (BSA) to estimate safely acceptable doses.
[1] The partition model (PM) incorporates tissue masses and a measurement of
the tumour-to-normal tissue (TN) ratio. It requires separation of the organ
system into compartments (normal liver, lungs and tumour), and setting
prescribed safe radiation doses whereby the maximum administered activity
does not exceed these dose limits (80 Gy to normal functioning liver) [2]. Via
MIRD calculations, the target organ dose is calculated as the product of the
cumulated activity in the organ and the corresponding organ S-value, and the
total target dose is the summation of all source organ contributions. However
the use of organ level S-values inherently assuming uniform activity
distribution in the organ, and the use of standardized anatomical models are the
major limitations to the technique. [2] Therefore, we tend to develop a new
method to determine radioactivity of **Y need to delivery for patient by the
Monte Carlo simulation based on anatomical image of patient and using the
Geant4 toolkit.



2. Materials and methods
2.1. Geometry construct

The DICOM images is used to construct simulation geometry, define
material of patient liver and determine the *°Y distribution via *"Tc-MAA scan
in pre-treatment phase. Based on the CT images, we construct the liver
geometry by use several image segmentation techniques, such as Canny to
detect egde of liver/tumor. The Canny edge detection algorithm is widely used
for image segmentation based on a set of criteria, which include finding the
most edges by minimizing the error rate, localization, and noise robustness.
Also, the result detected by Canny edge detection algorithm reduce the loss of
edge component and the error between the detected edge and the real gradient
on the original image. [3] Canny is implemented as a multi-step method. It
includes Gaussian smoothing to remove noise, calculation of gradient
magnitudes of the boundaries that have been smoothed, removing the points is
not the maximum, and finally, removing the values below the threshold. The
average magnitude is calculated following: [3]

1 m
Moy = 37D (Mo y)? + M, (o 3)°

Where M, and M, are the average magnitudes of the horizontal and vertical
gradient, respectively. Based on predefined thresholds, we will decide which
points will be boundary and which points are not boundary. [3]

To generate the 3D geometry, we apply the 3D reconstruction algorithms of
ITK (the Insight Segmentation and Registration Toolkit), the volume of the
liver will be constructed. To achive the distribution of *°Y in patient liver, we
assumed the distribution of ™Y is equivalent with *"Tc-MAA in the
pre-treatment phase. We also used the same segmentation techniques to
determined this distribution.

The Fig.1 is the constructed geometry achived from patient by using
DICOM image, display on the OpenGL Qt.
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Fig 1: Constructed geometry of a liver cancer patient in the 108 Military
Hospital — Vietnam.

2.2. Determine liver/tumor material

The material of liver/tumor is determined using the CT images. Based on
the gray-scale of each CT image, we converted it into the ASCII format and
using the CT number-densities to determine the kind of material and its density.
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Fig. 2: The CT number-densities converter. [4]

2.3. Physics model



To simulate the behavior of *°Y in patient liver, we need to present the
decay process and the interaction of electron with matter. By using the Geant4
toolkit, we can simulate these process based on the Monte Carlo method. The
Geant4 is a open source platform for simulation the passage of particles
through matter, it is widely use in high energy physics, space physics and
medical physics. Geant4 contains dozens of class to illustrates the interaction of
radiation with matter.

With the decay process, we used the G4RadioactiveDecay() class. The
simulation model depends on data taken from the Evaluated Nuclear Structure
Data File (ENSDF), its provides information on: [5]

e Half-lives
e Nuclear level structure for the parent or daughter nuclide
e Decay branching ratios

e Energy of the decay process

With the interaction process, by consider several built-in model in
Geant4 such as Livermore, Penelope, we found that there were high
deviation on electron mean energy lost between them and with
experimental data, especially in the energy range around 100 eV. Therefore,
we tend to develop new semi-empirical model based on experiment data to
apply for this simulation.
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Fig. 3: Electron mean energy loss in water of several built-in model in
the Geant4 versus experiment data.



REFERENCES

[1]A. C. B. A, M. B. A. S. P. Ted T. Chang, "Treatment Modification of Yttrium-90
Radioembolization Based on Quantitative Positron Emission Tomography/CT Imaging," J Vasc
Interv Radiol, pp. 333-337, 2013.

[2] J. O. Doherty, "A review of 3D image-based dosimetry, technical considerations and emerging
perspectives in 90Y microsphere therapy," J Diagn Imaging Ther. 2015 ; 2(2): 1-34, pp. 1-34,
2015.

[3]H.T.T.L.T. A. P. V. C. N. H. H. Ha Quang Thanh, "EDGE DETECTION TECHNIQUES FOR MEDICAL
IMAGE PROCESSING USING A NEW TOOL — INMOFEVV," Journal of Military Science and
Technology, vol. 55, 2018.

[4] U. N. A. M. N. P. L. A. S. G. SC Kheruka, "A study to improve the image quality in low-dose
computed tomography (SPECT) using filtration," Indian Journal of Nuclear Medicine, vol. 26,
pp. 14-21, 2011.

[5] G. Collaboration, Physics Reference Manual Release 10.5, 2018.



