
Treatment planning based on 
dual-layer computed 
tomography for carbon ion 
radiotherapy and dose 
recalculation using Monte 
Carlo simulation

Euntaek Yoon
Seoul National University



Table of contents

Ⅰ. Introduction and background

Ⅱ. Conventional CT vs DECT

Ⅲ. Treatment planning and MC recalculation

Ⅳ. Conclusion



Introduction and background

Particle therapy

Statistics of patients treated in particle 

therapy facilities worldwide

In operation

Proton therapy facilities: 105

Carbon ion therapy facilities: 14



Particle therapy

Proton X-ray

- Bragg peak
- Advantage in the therapeutic perspective

Introduction and background



Particle therapy

- Range uncertainty

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

→ Using dual-energy CT for better SPR prediction 

Introduction and background



Dual-energy CT

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

Philips, IQon spectral CT

ρe

Zeff

Introduction and background



SP
R

Conventional CT (SECT) based SPR

- CT number-SPR linear calibration

Conventional CT vs DECT



Dual-energy CT based SPR

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

𝑤𝑖 = 𝑎𝑖 ∙ 𝝆𝒆 + 𝑏𝑖 ∙ 𝒁𝒆𝒇𝒇 + 𝑐𝑖 ∙ 𝝆𝒆𝒁𝒆𝒇𝒇 + 𝑑𝑖

- Linear regression → ai, bi, ci, di

- ρe, Zeff image → wi for each image pixel 
- Bethe formula

𝑆𝑃𝑅 = 𝜌𝑒
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𝑤 = 𝑤𝑒𝑖𝑔ℎ𝑡 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛, 𝑖𝑛𝑑𝑒𝑥 𝑖 = 𝑒𝑙𝑒𝑚𝑒𝑛𝑡

Conventional CT vs DECT



SPR prediction conventional (SECT) vs DECT

Difference (%) Modality Zeff < 8 Zeff > 8

SPR SECT (0.37±0.53), 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

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

SECT:
Representative HU → SPR look up table

DECT:
Representative ρe, Zeff → elemental w → SPR  

Comparison with ground truth value

Conventional CT vs DECT



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

Treatment planning and MC recalculation



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: G4EmStandard_option3, QGSP_BIC_HP
- Total number of histories: 107 - 108

Treatment planning and MC recalculation



Dose recalculation result

matRad (plan) TOPAS (MC)

Dmean: 3.52 Gy(RBE)
D95: 3.17 Gy(RBE)

Dmean: 3.46 Gy(RBE)
D95: 3.09 Gy(RBE)

Treatment planning and MC recalculation



- 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.

Conclusion
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