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EU perspectives?
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29 centers in 2019 and 16 under

construction
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EU Integrating Activity INSPIRE

 €5M (Coordinated by Manchester)

 Integrating proton research across 

Europe

 17 partners

 Networking, Transnational Access, 

Joint Research Activities

 13 TNA providers

 11 PBT centres; national hubs

 Varian and IBA
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https://protonsinspire.eu/

https://protonsinspire.eu/
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Which research is planned at the EU centers?

„Hot topics“ in EU centers

Physics

Range uncertainty

Beam delivery

Biology

Radiogenomics

Hypoxia

Combination with immunotherapy

Clinical

Phase-III RCT
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Beam delivery: faster and more accurate
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Example for a spherical target volume, 5cm diameter, 12C, E=400 MeV/u

(FLUKA simulation)

Central axis Dose profile Central axis Dose profile 

3D Modulator: functional principle

Simeonov et al., Phys. Med. Biol. 2017
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Ultrafast irradiation with 3D-printed 

beam modulators at GSI/FAIR –

February 2019

3D printed 

SOBP modulator

(having extremely 

filigree structures)

Oscillating PE-wedge

for simulation of the range 

fluctuations in the body

Absorber and Multi-Ionization 

chamber Array Octavius

(1500 chambers)

Result: 

Robust dose field inside the 

target without interplay 

effects, due to ultrafast 

irradiation using the SOBP 

modulator 

M. Durante, C. Graeff, U. Weber et al.
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Courtesy of Marco 

Schippers, PSI
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11

Vector 

magnet

Toroidal

gantry

A toroidal magnet superconducting 

gantry

Courtesy of Luca Bottura
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Gantry-free DDS for charged particles?

Keall et al., Med. Phys. 2019



GFP-NSBS1

Improving the benefit: radiobiology research

Jakob et al., Proc. Natl. Acad. Sci. USA 2009; Nucl. Acids Res. 2011
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∼30%
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Particle therapy + immunotherapy
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Durante et al., Int. J. Radiat. Oncol. Biol. Phys. 2000

Physical advantages of particle therapy 

for immunology
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Biological advantages

cGAS

Cell-cycle
progression

Mitosis 
with 
NPB and 
MN 

MN NE 
collapse

Cell-cycle 
arrest

Increased 
cell 
mobility

NE rupture

CA

Durante & Formenti, 
Front. Oncol. 2018 
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Cytosolyc dsDNA foci after C-ions

0 Gy – control 4 Gy

Averbeck et al., February 2019
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Durante et al., Nat. 

Rev. Clin. Oncol. 

2017

Convincing the

non-believers: 

phase-III 

clinical trials



GSI Helmholtzzentrum für Schwerionenforschung GmbH

Problems in CPT phase-III randomized trials

Loeffler & Durante, Nat. Rev. Clin. Oncol. 2013

1. Compare only 1 variable: e.g. IMRT vs. protons different physical dose 

distribution same RBE same fractionation

2. Compare “best possible schedule”
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IMRT vs. PSPT

IMRT vs. 3DPT

Cox Regression Analysis for OS 
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Number at risk

0 12 24 36 48 60 72
Analysis Time (Months)

MSTIMRT= 29.5 month

MST3DPT=26.1 month

P=0.30

RP Grade IMRT 3DPT Total P values

N=92 N=57 N=149 

0 65 36 101 0.36

1 9 4 13

2 12 11 23

3 4 6 10

4 0 0 0

5 2 0 2

Gr 0-2 86 51 137 0.54

Gr 3-5 6 (6.5%) 6 (10.5%) 12 (8.1%)
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DVH technique 

analysis

How can this low-dose

difference fit the inverse 

RP incidence between the 

2 techniques?
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VB analysis of 

dose differences 

(RP grade ≥ 1)

Significance of ∆ 

Dose

Voxelwise variance of 

Doses

Mean of Doses (no RP) Mean of Doses (RP 

grade ≥ 1)

Conclusion 1:

the lower parts of the 

lungs and the heart 

play a prominent role 

in the development of 

RP
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VB analysis: 

IMXT vs PSPT

Conclusion 2

The dose difference
between X-rays and 
protons was mostly
localized in the 
upper region of the 
lungs,which is not
correlated to RP

Palma et al., Int. J. 
Radiat. Biol. Oncol. 
Phys. 2019

Mean Dose 

(IMXT)

Mean Dose 

(PSPT)

∆ Dose (IMXT-

PSPT)
Significance of ∆ 

Dose
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„Futuristic“ research

• FAIR-phase-0

• New 

accelerators

under

construction

(NICA, RAON, 

ELI, SPES, 

SPIRAL2, 

FRIB, ...)
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 250 participants from 27 countries in 5 continents

International Biophysics Collaboration Meeting

Darmstadt, May 20-22, 2019
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Biomedical applications at particle accelerators
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Conclusions

 By 2021, EU (+UK+Switzerland+Russia) will have as

many centers as US (and 4 heavy ions centers)

 Unlike US, many of these centers have rooms dedicated

to research and are research-oriented

 Research programs cover medical physics and

radiobiology, and they have a substantial overlap

 EU-funded project INSPIRE is an important tool to

coordinate these research efforts

 Moreover, new high-energy and –intensity accelerators

in construction in Europe will contribute with high-

rik/high-gain research for future develpments of particle

therapy
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Thanks you very much!

30

www.gsi.de/biophysik


