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Rationale for

proton and 

ion beam therapy
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The RBE depends on:

• particle type (p,12C, …), LET / local 

energy spectrum, dose

• tissue type, biological endpoint

RBE (relative biological effectiveness):

RBE = Dphoton / Dhadron

for the same biological effect  

photons

hadrons

Bragg peak

In clinic: p RBE  = 1.1
12C RBE models



How to interface a RBE model to a MC code



6. Biological quantities

DRBE = RBE x DOSE [Gy (RBE)]



Monte Carlo calculation of fragment spectra in water  for 12C (80-440 MeV/u)

Parodi,  Mairani et al PMB 57 2012

Mixed field in carbon ion beam therapy:

RBE determination based on MC-calculated spectra



Re-calculations of patient dose distributions

J. Bauer, F. Sommerer, A. Mairani, et al Physics in Medicine Biology, 2014, 59, 4635

Head and Neck case with carbon ion beams
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Head and Neck case with carbon ion beams



Biological calculations in carbon ion therapy
A. Mairani, et al Physics in Medicine 

and Biology 2010, 55, 4273–4289

in vitro data predictions

G. Magro,…,A.Mairani Physics in Medicine and Biology 2017, 56, 3814–3827

MC + LEM model

MC + NIRS approach



G. Magro,…,A.Mairani Physics in Medicine and Biology 2017, 56, 3814–3827

Comparing biological models in carbon ion therapy



Beyond the TPS: variable RBE in proton therapy 

A. Mairani, et al Physics in Medicine and Biology 2017  61: 1378–1395



Beyond the TPS: variable RBE in proton therapy 

A. Mairani, et al Physics in Medicine and Biology 2017  61: 1378–1395

Dosimetric and in vitro cell 

stack experiment: model vs data
Calculation of patient plans with 

variable RBE (varRBE) models 

DvarRBE

assuming 

varRBE 

Dose 

difference:

DvarRBE

–

DRBE=1.1



Beyond the TPS: variable RBE in proton ( and He) 

therapy tuning MKM input parameters 

Mairani et al PMB (2017) 62: N244



Beyond the TPS: variable RBE in proton ( and He) 

therapy tuning MKM input parameters 

Mairani et al PMB (2017) 62: N244



G. Giovannini,...A. Mairani, K. Parodi Radiation Oncology (2016) 11:68

Beyond RBE 1.1 in proton therapy: 

LET distributions in clinical-like scenario



DRBE distributions in 

clinical-like scenario 

with (α/β)ph = 2 Gy

G. Giovannini,...A. Mairani, K. Parodi

Radiation Oncology (2016) 11:68



Monte Carlo-based Treatment Planning Tool

A. Mairani, et al. Physics in Medicine and Biology 58 (2013) 2471–2490
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Monte Carlo-based Treatment Planning Tool

A. Mairani, et al. Physics in Medicine and Biology 58 (2013) 2471–2490



He RBE model development

Mairani et al 2016 PMB 61 888, Mairani et al 2016 PMB 61 4283



1 – Bio. Optimized SOBP

2 – Measurements verifications

3 – Cell Survival (A549) + RBE

 Validated in-house model for He (5%) and H (2%)

RBE model validation

Mairani et al 2016 PMB 61 4283



RBE model validation

• Variability of prediction:

Mein,…,Mairani to be submitted



RBE model validation
• Clinical-like fields (SOBP) with 96 well plate approach to clonogenic assay 

S. Mein Monte Carlo calculation of RBE and in-vitro validation for helium ion-beam therapy



- Meningiomas treated with proton (4 patients)
- Re-optimization with FLUKA–MCTP for helium ions AND protons
- Dose in PTV 1.8 GyRBE

- Tissue types CNS α/β = 2 Gy , PTV α/β = 3.7 Gy
- Protons without RiFi, variable RBE (calculated “online”)
- Helium ions with RiFi, variable RBE (calculated “online”)
- Comparisons : DVH for PTV and OAR

Methods
Plan Comparisons

Tessonnier PhD Thesis and Tessonnier, Mairani et al under review



Results
Plan Comparisons

Comparable PTV coverage
Better sparing of OAR with He
Less dose to normal tissues

Tessonnier, Mairani et al under review



Results
Plan Comparisons

Higher benefits for large depth (lateral/distal fall-off)
 Promising results from plan comparison between He and protons

Tessonnier, Mairani et al under review



Results
Plan Comparisons

Other cases investigated… 
RBE p fixed ≠ α/β ≠ Dose +/- RiFi

Tessonnier, Mairani et al under review



Novel Ions at HIT: physics and biology I

MC predictions vs dosimetric data
MC predictions vs in vitro clonogenic data

I. Dokic and A. Mairani et al Oncotarget. 2016; 7:56676-56689



Novel Ions at HIT: physics and biology II

I. Dokic and A. Mairani et al Oncotarget. 2016; 7:56676-56689



Böhlen,…,Mairani PMB 57 2012



Bassler et al Acta Oncol 54 2013

Böhlen,…,Mairani Rad Res 54 2013
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