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Particle therapy
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In operation
Proton therapy facilities: 105
Carbon ion therapy facilities: 14

Statistics of patients treated in particle
therapy facilities worldwide
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Particle therapy
- Bragg peak

- Advantage in the therapeutic perspective
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Particle therapy

- Range uncertainty
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- One of uncertainty source
: CT number to Stopping Power Ratio (SPR)

- Using dual-energy CT for better SPR prediction
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Dual-energy CT

- Diagnostic purpose in radiology
- Philips, dual-layer spectral CT
- Relative electron density (p,), effective atomic number (Z )

Philips, IQon spectral CT
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Conventional CT (SECT) based SPR

CT number-SPR linear calibration
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Dual-energy CT based SPR

Hunemohr method (2014)
Reference tissue information based fit for element C,H,O,N,P,Ca

Wi = Q*Petbi-Zess+ ;i Peless +d;

w = weight fraction, index i = element

Linear regression — a,, b, ¢, d.
P., L. image — w, for each image pixel

Bethe formula
2m,c??
In € — B2
(I‘medium(1 o ,82)> 'B

n (2 ) —

SPR = p,




Conventional CT vs DECT

SPR prediction conventional (SECT) vs DECT

- 71 reference human tissue
- SECT: Schneider method (2000)
- DECT: Hunemohr method

o !
Matenal HU bin Hu [g/em’] " « N o0 Ca 1 V] Qe (ZIA) Zea SPR
Lungdeflated [-951,-120] 741 026 104 00 02 7454 0258 05511
Adiposctissuc) [—119.-83] 98 093 16 00 00 6306 0933 05570
Adiposctissuc2 -82,-53] 7 095 114 00 00 6460 0952 05560 S ECT-
Adiposctissuc| (= 55 097 12 00 00 0970 .
Yellowmarrow I 49 098 1s 00 00 0982
Mammarygland | ! 24 37 09 109 00 01 0987 .
= B =k Representative HU — SPR look up table
Mammarygland2 1 106 00 01 1015
Redmarrow 1" 106 00 o1 1024
BrainCercbrospinalfluid 13 n2 00 00 1010
Adrenalgland 107 00 01 1.025
Smallintestinewall 107 00 o1 1025
Unine ni 00 o1 1019
Gallbladderbile 109 00 00 1027
Lymph 109 00 00 1027 .
Branwhitematter M 107 00 04 1.035
Prostate M 106 00 01 1034 05519 -
Testis 36 107 00 o1 1035 05525
.. f8 33K Representative p,, Z — elemental w — SPR
Muscleskeletal | 11980} 40 102 00 02 1.040 e e
Heanl 119.80] a1 104 00 02 1002
Kidney| 119.50] 41 103 01 02 1041
Stomach [19.80] 41 105 140 29 725 00 01 1.043 5
Thyroid 119.:50] 2 105 120 24 750 00 01 143 05515
Muscleskeletal2 [19.80] 43 103 144 34 716 00 02 1041 05506
Liverl 119.80] 43 104 158 27 708 00 03 1042 05511
Hean2 [19.80] 43 105 140 29 724 00 02 143 05515

Comparison with ground truth value

Difference (%) | Modality Z,<8 Z.>8

SPR SECT (0.3740.53), max: 3.60 (0.28 +£0.17), max: 0.65
DECT (0.14+0.16), max: 0.88 (0.04+0.04), max: 0.19
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matRad treatment planning

- MATALB based treatment planning toolkit

- Open source

- Photon, proton, carbon

- Fluence optimization, dose calculation, DVH, etc.

- RBE model: microdosimetric kinetic model (MKM)
- DECT based SPR was used for fluence optimization
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TOPAS Monte Carlo dose recalculation

- Wrapped Monte Carlo code on top of Geant4

- TOPAS input was generated from the matRad plan

- Elemental compositions based on DECT were imported to TOPAS
- Physics: G4AEmStandard_option3, QGSP_BIC _HP

- Total number of histories: 107 - 108

stf.ray
2C {HrayPos bev '[HtargetPoint bev ' rayPos ‘{3 targetPoint 3 energy ‘3 focuskx [E|rangeShifter
1 [-48,10000,-6]  [0,24,-3]  [10000,48,-6] |[228.7500,... |[1,1,1,1,1] |7x5 struct
2 [-24,0,0] [-48,10000,0] [0,24,0] [10000,48,00 |[228.7500,... [[1,1,1,1,1] Tx5 struct
3 [-24,0,3] [-48,10000,6] [0,24,3] [10000,48,6] |[233.7300,... [1,1,1,1] Txd struct
4 [-24,0,6] [-48,10000,12] [0,24,6] [10000,48,12] |[233.7500,... |[1,1,1] Tx3 struct
5 [-21,0,-9] [-42,10000,-18] [0,21,-9] [10000,42,-18] |[236.2500,... [[1,1,1,1,1,1] | 7x& struct
6 [-21,0,-6] [-42,10000,-12] [0,21,-6] [10000,42,-12] | 7x7 7 double | Tx17 double | Tx771 struct
7 [-21,0,-3] [-42,10000,-6] [0,21,-3] [10000,42,-6] | 7x77 double | Tx17 double | Tx7T7 struct
8 [-21,0,0] [-42,10000,0] [0,21,0] [10000,42,0] |[226.2500,... \[1,1,1,1,1,1...| 79 struct
9 [-21,0,3] [-42,10000,6] [0,21,3] [10000,42,6] |[226.2500,... ([1,1,1,1,1,1.|7x
10 [-21,0,6] [-42,10000,12] [0,21,6] [10000,42,12] [228.7500,... [[1,1,1,1,1,1..| Tx 1
11 [-18,0,-12] [-36,10000,-24] [0,18,-12] [10000,36,-24] |[233.7500,... [[1,1,1,1,1,1..| 7x& struet
12 [-18,0,-9] [-36,10000,-18] [0,18,-9] [10000,36,-18] | 7x7 7 double | 1x77 double | Tx771 struct

13 [-18,0,-6] [-36,10000,-12] [0,18,-8] [10000,36,-12] | 7x 74 double | Tx 14 double | Tx74 struct
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Dose recalculation result

HEIGELETIED) TOPAS (MC)

D .. :3.52 Gy(RBE) D . :3.46 Gy(RBE)

mean* mean*

Dy:: 3.17 Gy(RBE) Dy:: 3.09 Gy(RBE)
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- DECT-based SPR calculation can enhance the accuracy of SPR
prediction

- In theory, DECT SPR could help provide more accurate treatment,
but further investigation is required.

- Monte Carlo dose recalculation can be utilized as a tool for
further study like independent dose calculation.
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