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What is HIT?



PAge65/4/2020 |

Author

Division

Page 604.05.2020 |

Benedikt Kopp

Introduction to PT

Where is HIT?
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Active Beam 

Delivery - HIT
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What makes HIT 

unique I/II?
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What makes HIT 

unique II/II?
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Pulsed Beam (i.e. off – on – off – on...)

→ Can complicate irradiating moving targets (for example in lung)

Multiple ion species can be delivered to various energies

Almost no material needed upstream the particle beam (except 

sometimes for range shifters on the patient)
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Relative Biological

Effectiveness
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Scholz 2003

Track Structure of 

Radiation

X-rays  homogenously 

deposit local dose 

Depending on the 

energy 12C ions have 

different track structures



PAge165/4/2020 |

Author

Division

Page 1604.05.2020 |

Benedikt Kopp

Introduction to PT
Cell Survival and 

RBE



PAge175/4/2020 |

Author

Division

Page 1704.05.2020 |

Benedikt Kopp

Introduction to PT
RBE is dependent 

on ??
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Oxygen Enhancement

Ratio

A lack of oxygen (hypoxia) 

makes a tumor more 

radiation resistant

Heavy ions can be used to treat hypoxic tumors!
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1) Biophysical/Mechanistic (Theoretical)

• MKM = Microdosimetric Kinetic Model

• LEM = Local Effect Model

2) Phenomenological (Experimental)

• “Data-driven”

• Interpretation of collected data from the literature proton heavy ions

Durante et al 2017

How to calculate 

RBE
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RBE = 1.1 assumed in the clinic worldwide

How to calculate 

RBE for protons?
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1H

Proton RBE = 1.1?
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FRoG – Philosophy and Goals

S. Mein et al. 2018 Sci Rep.; K. Choi et al. 2018 Cancers 10, 395 

FRoG was developed at HIT and CNAO in 2017

• Analytical dose calculation engine with pencil beam 

splitting approach (N ≈ 350/700)

• Provides more than just physical dose 

(LETd, DRBEp, DLEM, DMKM)

• For all available ions at HIT (1H, 4He, 12C, 16O)

• Clinical and research tool

• Aims for Monte Carlo-like accuracy

• Short calculation times through GPU utilization



PAge295/4/2020 |

Author

Division

Page 2904.05.2020 |

Benedikt Kopp

Introduction to PT

• DICOM files handling

• Pre/Post processing

• Graphical User Interface (GUI)

• Sandbox environment

• Scripting language

• …

• Pycuda API1 for GPU link

• Raytracing on GPU

• Dose calculation on GPU

• GPGPU (e.g. trilinear interp.)

• …

FRoG – Code Framework I/II

1A. Klöckner et al. 2012 Parallel Computing, Volume 38
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FRoG Graphical User Interface

FRoG Python Script

FRoG – Code Framework II/II
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2

1

FRoG – Paper
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Multi-Ion Particle Therapy

What happens if

we mix multiple

ions in the same

field?

For example:
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Mixing
1H and 12C RBE

Kopp et al. 2020 IJROBP
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Kopp et al. 2020 IJROBP

Mixing
1H and 12C RBE
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Mixing
1H and 12C RBE

Mixing multiple ions in the same field can reduce 

biological uncertainties accompanied with heavy 

ion therapy!
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UNIVERSE

Unpublished Data - Courtesy of Hans Liew (BioPT group)

“UNIfied and VERSatile bio response 

Engine” (UNIVERSE) (Liew et al. 

2019)

GPU Based Monte Carlo

Cell survival simulation engine

Used for all available ions + photons 

and cell types
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BioPT Website

https://www.klinikum.uni-heidelberg.de/radiologische-klinik/radioonkologie-und-

strahlentherapie/forschung/forschungsschwerpunkte/biophysik-in-der-partikeltherapie
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II/II

Send me an E-mail: B.Kopp@dkfz-heidelberg.de


