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The Heidelberg Ion-Beam

Therapy Center (HIT)

• Synchrotron-based facility

• 2x Horizontal + 1x Gantry room

• Particle therapy since 2009 with 1H, 12C and from 2020 4He

Patient Monte Carlo recalculations requested from physicians

General purpose MC too slow in clinical practice!

Inflexibility of clinical TPS — precompiled architecture. 
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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)

• Aims for MC-like accuracy

• Clinical viable calculation times through GPU utilization

• Clinical and research tool
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• 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

• Maximise L1/Register usage

• 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

FRoG modules:

• Gamma analysis

• QA routines (Dose readouts)

• Plan robustness analysis

• Automatic cohort analysis

• Dose* Volume Histogram (DVH) 

analysis

• multi-tissue radio-sensitivity (α/β) 

assignment

*LETd, DRBE, RBE…
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Clinical RBE: AAPM TG-256

streamline clinical access

to variable RBE / LET computation



6/30/19 |

Author

Division

Page  02.07.2019 |

Andrea Mairani, et al.

ENLIGHT - Caen

7 FRoG – Validations

1H LETd

in silico

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

On average: FRoG matches FLUKAs D95, D50, D5 within 2%. Measurements are ~2% difference.

 Calculation times are up to 200 times shorter than FLUKA at HIT
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8 FRoG – Validations

experimental

On average: FRoG matches FLUKAs D95, D50, D5 within 2%. Measurements are ~2% difference.

 Calculation times are up to 200 times shorter than FLUKA at HIT
S. Mein et al 2019 Phys. Med.
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FRoG – Verification

MC vs. FRoG vs. clinical TPS (AA)

S. Mein et al 2019 Phys. Med.
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FRoG – Verification

MC vs. FRoG vs. clinical TPS (MC)

3D-γ passing rate (2mm/2%):    RS-MC = 98%,  FRoG = 94%
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11 FRoG in 2019+

• FRoG installed at two new facilities (Aarhus and 

Caen)

• FRoG coupled with external optimizer

• Explore/Support new treatment modalities:

• Helium ions (4He)

• Multi-ion optimization framework

• New biological models (e.g. Hypoxia) to FRoG
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12 FRoG in Caen

• Physical dose validation• Beam model + calibration

|∆FRoG| = 1.03(±0.98)%

|∆RSMC| = 1.31(±1.36)%

SOBPs: 6x6x6 cm3

depths [cm]: [5, 11, 15, 25]

Mein & Tessonnier et al. 2019 (drafted)
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13 FRoG in Caen

• Physical dose validation (patients):

• Secondary dose engine for IBA-based facility
Mein & Tessonnier et al. 2019 (drafted)
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14 FRoG in Caen

• Streamline access to LETD / innovative biophysical dose computation

α/β = 2 Gy

CTV

BS

DRBEVH

LETDVH

Mein & Tessonnier et al. 2019 (drafted)

65
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FRoG for 4He  

S. Mein 2019 Rad. Onc. (2019)

in silico vs. in vitro

Renca (α/β = 2 Gy)

DRBE calculations for glioma patient: MC vs. FRoG

D98, D50, D2 within ~1%

• Validate reference biophysical dose computation (MC & FRoG) for developing first commercial TPS
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Biological uncertainties: 12C ions

RBE model comparison: LEM vs. MKM
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estimating the impact of hypoxia on the biological dose

T. Dahle et al. 2019 (under review)

PRECISE TPS: hypoxia
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PRECISE TPS

B. Kopp & S. Mein et al. IJROBP (under review)

PaRticle thErapy using single and Combined Ion optimization StratEgies

+

p12C

proximal

branch

distal

branch

robustness:

⬆︎phys.   ⬆︎bio.

⬆︎stablility:

Dphys      LETd

RBE     Dbio

S. Mein et al. ENLIGHT POSTER #14
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Dosimetric validation in vitro validation

GL261: α/β = 3.1 Gy

Combined Ion Constant RBE (CICR):

PRECISE TPS

B. Kopp & S. Mein et al. IJROBP (under review) S. Mein et al. ENLIGHT POSTER #14
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20 Conclusion

• D, LETd, DRBEp, DLEM, DMKM

• MC-like accuracy

• ~200x faster than FLUKA MC

• Validated

• In-silico against FLUKA

• Experimental

• Sandbox environment (RBE models, multi-ion, hypoxia, etc.)

• Since 2019 installed at four clinical facilities in Europe
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21 Thank you for your attention!

Questions?

The FRoG Development Team

Dr. Andrea Mairani, Group leader

Kyungdon Choi, PhD Candidate

Stewart Mein, PhD Candidate

Benedikt Kopp, PhD Candidate

E-mail about FRoG:

andrea.mairani@med.uni-heidelberg.de

mailto:andrea.mairani@uniklinik-Heidelberg.de

