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FOREWORD 

One hundred years ago, in 1911, Maria Skłodowska - Curie received her second Nobel Prize, 
"in recognition of her services to the advancement of chemistry by the discovery of the elements 
radium and polonium, by the isolation of radium and the study of the nature and compounds of this 
remarkable element". Curie-therapy (today's brachytherapy) began with sealed radium "needles" as 
the first radiotherapy modality. Today's most promising radiotherapy modality is ion beam (or 
hadron) therapy which brings together physicians, physicists, radiobiologists and space health 
physicists to study the unique properties of such beams. 

Five years ago, in 2006, fourteen Polish research and academic institutions gathered together to 
form the National Centre of Hadron Radiotherapy (NCRH) Consortium The main objectives of 
NCRH are to coordinate research in fields related to hadron radiotherapy, such as clinical 
radiotherapy, medical physics, radiobiology or accelerator technology, and to enable clinical and 
technical infrastructure for hadron radiotherapy to be developed in Poland. Over the first months of 
this year at our Institute in Kraków we began to treat the first nine ocular patients with a 60 MeV 
proton beam from the AIC-144 cyclotron. 

Within the long-term strategy of the Consortium two stages of development are foreseen: First, 
by mid-2014, a 230 MeV proton IBA cyclotron with a horizontal experimental beam for research 
and a treatment beam equipped with a proton gantry will be installed at IFJ PAN in Krakow. At the 
second stage, a dedicated clinical centre with proton and C-12 beams will be established in Warsaw. 
A proton radiotherapy centre at Poznań is also planned. 

This workshop, organized, jointly by the Institute of Nuclear Physics of the Polish Academy of 
Sciences and the Polish Radiation Research Society, will provide its participants with an 
opportunity to discuss current topics in proton and carbon radiotherapy, clinical aspects of ion 
radiotherapy, ion beam dosimetry, undesirable patient exposure, radiobiology for ion radiotherapy 
and other relevant subjects. Several new particle radiotherapy facilities are currently in their design, 
construction, acceptance test or commissioning stages, we therefore wish to encourage discussion 
on these topics, and particularly on issues of design, acceptance and commissioning of new ion 
beam facilities. 

We are grateful to all of you for coming and contributing to our Workshop and we really look 
forward to collaborating with you on these matters in future. 

And do not miss the opportunity to visit Kraków, the magic city of history, art, culture and 
modern science. 

Welcome to Krakow ! 

Paweł Olko, Jan Swakoń and Michael Waligórski 
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P R O G R A M M E 

DAY 1 - FRIDAY, SEPTEMBER 2, 2011 

08:30- 09:30 Registration 

09:30 - 11:00 OPENING SESSION 
Chair: M. Jeżabek, T. Grodzicki 

09:30 Welcome addresses 

10:00 A. Cebulska-Wasilewska, (Fr-1) Maria Skłodowska-Curie and her contribution to science 
P. Laidler and medicine 

A. Cebulska-Wasilewska, P. Laidler 

10:30 A. Shapiro (Fr-2) Medical countermeasures against radiation: regulatory 
pathways and challenges 
A. Shapiro, B. Leissa, S. McDermott, L. Cress, A. Powell, J. Holmes, 
J. Flaherty, T. Cristl, R. Roberts 

12 

13 

11:00 - 11:30 Coffee break 

11:30 - 13:30 ORAL SESSION 1: 
Radiobiology input I 
Chair: M.P.R. Waligórski, M. Wasilewska-Radwańska 

11:30 F. A. Cucinotta 
(Invited lecture) 

12:00 T. Friedrich 
(Invited lecture) 

12:30 G. Alphonse 

12:45 C. Gillmann 

13:00 B. Jones 

13:15 M. Korcyl 

(Fr-3) Track structure and radiation quality effects in the 14 
biological effects of heavy ions 
F. A. Cucinotta, I. Plante, A. L. Ponomarev, M-H. Y. Kim 

(Fr-4) Modelling the relative biological effectiveness for carbon 15 
therapy with the local effect model 
T. Friedrich, U. Scholz, T. Elsässer, R. Grün, O. Steinsträter, 
M. Durante, M. Scholz 

(Fr-5) Improvement of treatment planning by the determination 16 
of intrinsic radiosensitivity markers in human glioma cell lines 
irradiated with photon or carbon ions 
G. Alphonse, NH. Hau-Desbat, P. Heudel, P. Battiston-Montagne, 
M. Beuve, C. Rodriguez-Lafrasse 

(Fr-6) A treatment planning comparison of different 17 
radiobiological models for heavy ion therapy 
C. Gillmann, M. Scholz, C. P. Karger, S. Greilich, M. Ellerbrock, 
R. Gruen, T. Friedrich, J. Debus, O. Jäkel 

(Fr-7) The influence of relative biological effect (RBE) and 18 
physical dose distribution in proton beam therapy of 
medulloblastoma 
B. Jones, P. Wilson, A. Naigano, C. Timlin 

(Fr-8) Track structure analysis of the RBE in cell cultures 
M. Korcyl, M. P. R. Waligórski, L. Grzanka 

19 
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13:30 - 14:30 Lunch 

14:30 - 16:15 ORAL SESSION 2: 
Clinical experience 
Chair: B. Romanowska-Dixon, B. Sas-Korczyńska 

14:30 B. Romanowska-Dixon 
(Invited lecture) 

(Fr -9) Proton beam radiotherapy in Krakow - clinical issues 
B. Romanowska-Dixon, A. Pogrzebielski, A. Markiewicz, 
B. Sas-Korczyńska, E. Pluta 

20 

14:45 J. Swakoń 
(Invited lecture) 

(Fr-10) Proton beam radiotherapy in Krakow - facility 
J. Swakoń, P. Olko, D. Adamczyk, T. Cywicka-Jakiel, J. Dąbrowska, 
B. Fent, L. Grzanka, T. Horwacik, T. Kajdrowicz, M. Korcyl, 
L. Malinowski, B. Michalec, T. Nowak, M. Ptaszkiewicz, U. Sowa, 
L. Stolarczyk, M.P.R. Waligorski 

21 

15:00 O. Jäkel 
(Invited lecture) 

(Fr-11) The Heidelberg Ion Beam Therapy Facility: Experiences 
from the first 500 patients 
O. Jäkel, S.E. Combs, M. Ellerbrock, T. Haberer, K. Herfarth, 
J. Debus 

22 

15:30 A. Weber (Fr-12) Influence of density variation on proton range in the 
therapy of ocular tumours 
A. Weber, D. Cordini, J. Heufelder, R. Stark, L. Moser, A. Joussen, 
G. Willerding 

23 

15:45 G. Willerding (Fr-13) Anterior segment field proton beam radiotherapy of iris 
melanoma 
N. Lakotka, N. E. Bechrakis, D. Cordini, M. H. Foerster, 
A. M. Joussen, L. Moser, G. Willerding 

24 

16:00 A. Ruciński (Fr-14) Treatment planning study on interfractional motion in 
prostate cancer treatment 
A. Ruciński, G. Habl, S. Ecker, Ch. Bert, K. Herfarth, T. Haberer 

25 

16:15 - 16:45 Coffee break 
Axel Hoffman, PTW, Canberra Packard Sp. z o.o.: 

"Commercial Solutions for Hadron Therapy from PTW" 

16:45 - 18:30 ORAL SESSION 3: 
New techniques in hadron radiotherapy 
Chair: O. Jäkel, J. Swakoń 

16:45 H. Nyström 
(Invited lecture) 

(Fr-15) Clinical aspects of proton delivery techniques 
H. Nyström 

26 

17:15 M. Bues 
(Invited lecture) 

(Fr-16) Acceptance testing and commissioning for scanning 27 
proton beam therapy facilities 
M. Bues 

17:45 A. Mairani (Fr-17) FLUKA Monte Carlo simulations for proton and ion beam 28 
therapy 
A. Mairani on behalf of the FLUKA Collaboration 
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18:00 N. Bassler (Fr-18) Strategies to overcome hypoxia - at the frontier of 
particle therapy and radiobiology 
N. Bassler 

29 

18:15 E. Beyreuther (Fr-19) Towards the medical application of laser driven particle 
beams: Establishment of in vitro dose response studies as the 
first translational step 
E. Beyreuther, M. Baumann, T. Burris-Mog, W. Enghardt, 
L. Karsch, S. Kraft, L. Laschinsky, E. Lessmann, J. Metzkes, 
M. Oppelt, C. Richter, U. Schramm, M. Schuerer, K. Zeil, J. Pawelke 

30 

20:00 Reception at the City Hall of Krakow 

DAY 2 - SATURDAY, SEPTEMBER 3, 2011 

09:00 - 11:15 ORAL SESSION 4: 
Dosimetry issues 
Chair: W. Bulski, A. Weber 

09:00 S. Vatnitsky 
(Invited lecture) 

(Sa-1) Dosimetry auditing of radiotherapy facilities with scanning 
ion beam delivery systems 
S. Vatnitsky, A. Ableitinger, D. Georg 

31 

09:30 H. G. Menzel 
(Invited lecture) 

(Sa-2) ICRU activities in radiation therapy with ions 
H. G. Menzel 

32 

09:45 W. Rühm (Sa-3) Secondary neutron radiation field in ion radiotherapy 
facilities 
W. Rühm, V. Mares, C. Pioch 

33 

10:00 J. M. Bordy (Sa-4) In-phantom measurements of doses within and outside of 
the high energy photon radiotherapy beam - a comparison of 
passive dosemeters. A EURADOS WG9 set of experiments 
J. M. Bordy, I. Bessieres, E. D'Agostino, F. d'Errico, J. Daures, 
C. Domingo, A. Fulvio, R. Harrison, Z. Knezevic, S. Miljanić, P. Olko, 
M. Silari, L. Stolarczyk, P. Vaz 

34 

10:15 T. Cywicka-Jakiel (Sa-5) Evaluation of unnecessary patient exposure at the proton 
eye radiotherapy facility in Krakow 
T. Cywicka-Jakiel, L. Stolarczyk, T. Horwacik, J. Swakoń, P. Olko, 
A. Magiera 

35 

10:30 A. Biegun (Sa-6) Range and density variation monitoring tools based on 
time-of-flight in proton therapy 
A. Biegun, P. Cambraia Lopes, P. Crespo, P. Dendooven, D. Oxley, 
K. Parodi, I. Rinaldi, E. Seravalli, F. Verhaegen, D.R. Schaart 

36 

10:45 J. K. Kim (Sa-7) Theoretical aspects of combined action of radiation with 
heat, chemical or other factors 
J. K. Kim, J. H. Kim, Y. J. Lee, V. G. Petin 

37 
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11:00 P. Olko (Sa-8) The Polish National Centre of Hadron Radiotherapy Project 38 
P. Olko, M. Jeżabek 

11:15 - 1 1:45 Coffee break 
POSTER PRESENTATIONS 

11:45 - 13:30 ORAL SESSION 5: 
Radiobiology input II 
Chair: F. Cucinotta, H. Nystrom 

11:45 F. Darroudi (Sa-9) Assessment of low and high LET radiation induced 39 
(Invited lecture) chromosomal alterations at low and high dose levels, 

immediately and retrospectively 
F. Darroudi 

12:15 A. Cebulska-Wasilewska (Sa-10) Influence of exogenous or ontogenetic factors on cellular 4 0 
radiosensitivity and cancer incidence in a population monitored 
with biomarkers applied for retrospective biological dosimetry 
A. Cebulska-Wasilewska 

12:30 D. Anderson (Sa-11) Consequences in reproductive cells of genotoxic 4 1 
exposures (environmental, occupational, therapeutic and 
accidental) 
D. Anderson 

12 :45 D. Słonina (Sa-12) Relative biological effectiveness of the 60 MeV 
therapeutic proton beam at the Institute of Nuclear Physics 
(IFJ PAN) in Kraków 
D. Słonina, B. Biesaga, J. Swakoń, D. Adamczyk, U. Sowa, D. Kabat 

42 

13 :00 D. Keszenman (Sa-13) Clustered DNA damage spectrum induced by charged 
particle radiation 
D. Keszenman, P.F. Wilson, B.M. Sutherland 

43 

13:15 A. Ponomarev (Sa-14) Analysis of patterns of radiation-induced DNA-damage 
foci by a stochastic Monte Carlo model of DNA double-strand 
break induction by heavy ions and image segmentation software 
A. Ponomarev, F. Cucinotta 

44 

13:30 CLOSING CEREMONY 

13:45 - 14:15 Lunch 

14:15 - 16:15 Visit at IFJ PAN 
Treatment room for proton radiotherapy of eye and construction site of the new facility 
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DAY 2 - SATURDAY, SEPTEMBER 3, 2011 

POSTER PRESENTATIONS 
11:15 - 11:45 

P - 1 Genetic polymorphisms in XRCC1 and XRCC3 genes influence on the susceptibility to 4 6 
ionizing radiation and risk of cancer 
A. Cebulska-Wasilewska, M. Zazula, J.Gasiorkiewicz, J. Miszczyk, P. Wójcik, Z. Dobrowolski, 
A.Stępień 

P - 2 Response to the challenging dose of x-rays In lymphocytes of patients after low and high 47 
dose of iodine - 1 3 1 
A. Cebulska-Wasilewska, J. Gąsiorkiewicz, J. Miszczyk, A. Stępień, J. Pawlus, M. Krzysiek, 
A. Panek 

P - 3 Comparison between classic and fish cytogenetics with dna repair competence assay as a 4 8 
screening test in biological dosimetry 
A. Cebulska-Wasilewska, J. Miszczyk, Z. Rudek, A. Panek, M. Krzysiek 

P - 4 RBE of the AIC-144 proton beam evaluated for human lymphocytes with classic and fish 49 
cytogenetics and DNA damage by SCGE assay and Gedik technique 
J. Miszczyk, A. Cebulska-Wasilewska, J. Łużna, J. Swakoń, M. Ptaszkiewicz 

P - 5 MNA + influence on radiosensitivity and DNA repair kinetics in cerebral stroke patients' 50 
lymphocytes 
A. Panek, A. Cebulska-Wasilewska, B. Wach 

P - 6 Needs for more study to develop radiobiological modelling in particle beam cancer 5 1 
therapy 
H. Abdollahi, M. Teymuri 

P - 7 Evaluation of secondary ohcohematological diseases risk using cell culture models 52 
N. Bilko, I. Borbulyak, D. Bilko 

P - 8 FLUKA simulations of microscopic energy deposition patterns of ion beams 53 
T.T. Böhlen, M. Dosanjh, A. Ferrari, I. Gudowska, A.Mairani 

P - 9 Applicability of EPR/alanine dosimetry system for radiotherapeutic proton beams - 54 
preliminary results 
B. Michalec, G. Mierzwinska, U. Sowa, T. Nowak 

P - 1 0 Mixed proton / EM radio frequency radiation as a possibility to improve the quality of 55 
the treatment 
V. Shalatonin 

P - 1 1 Proposal for a specific proton therapy facility for the treatment of ocular tumors 56 
A. Weber, J. Heufelder, L. Moser, A. Joussen, A. Denker 

P - 1 2 ENLIGHT, PARTNER and ULICE - framework programs to support particle radiotherapy in 57 
Europe 
P. Olko, M. P. R. Waligórski 
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Opening session Fr-01 

MARIA SKŁODOWSKA - CURIE AND HER CONTRIBUTION TO 
SCIENCE AND MEDICINE 

A. Cebulska-Wasilewska1. P. Laidler2 

1 President of the 14th ICRR 2011, The Henryk Niewodniczański Institute of Nuclear Physics 
Polish Academy of Sciences, Radzikowskiego 152, 31-342 Kraków, Poland 

2 Chair of Medical Biochemistry, Jagiellonian University Medical College, Krakow 

E-mail: b7wasile@cyf-kr.edu.pl, piotr.laidler@uj.edu.pl 

Speaking on the 100th anniversary of Maria Skłodowska-Curie's second Nobel prize, is a 
demanding task indeed and a breathtaking experience. Through her outstanding discovery of 
Polonium and Radium, Maria Skłodowska-Curie not only coined the word „radioactivity", but 
above all, opened the door for scientists and the public to better understand the nature of matter and 
energy. Through that door she bravely took the first step in her 36-year long odyssey with 
radioactive substances. Maria's hypothesis that radiation was "an atomic property" transformed 
forever, how mankind would view the atom, while Maria's intellect, creativeness and passions, have 
often established new ways and contributed to various scientific fields: physics, chemistry, 
medicine, radiation protection, education and many others. Her life principally inspired scientists 
from all over the World. It was 110 years ago when Maria Skłodowska-Curie isolated radium 
chloride for the first time, and two years later became the first woman to win the Nobel Prize. Until 
today she remains the only woman to receive this highest scientific award twice. Her scientific 
achievement, feats and services for the public, paved not only the way for science to other women, 
but for the radiation research and therapy, also in Poland. Maria' work influenced the development 
of fundamental science and steered in a new era in medical research and treatment. Let us hope, 
that few examples and citation from Maria Skłodowska-Curie's life will bring us, for a while, closer 
to her outstanding and impressive personality, who was not only "the scientific giant", but above all 
the woman who fulfilled her dreams in both, scientific and family life. 
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Opening session Fr-02 

MEDICAL COUNTERMEASURES AGAINST RADIATION: 
REGULATORY PATHWAYS AND CHALLENGES 

A. Shapiro1, B. Leissa1, S. McDermott1, L. Cress1, A. Powell1, J. Holmes1, 
J. Flaherty1, T. Cristl1, R. Roberts1 

1 Food and Drug Administration, Silver Spring, USA 

E-mail: alla.shapiro@fda.hhs.gov 

The United States Food and Drug Administration (FDA), plays a significant role in the 
Nation's counterterrorism capability by fostering development and access to medical 
countermeasures (MCM) against deliberate, accidental, and naturally occurring public health 
threats, including exposure to radiation. 

One the most significant challenges is to provide a regulatory mechanism to demonstrate 
evidence of effectiveness of MCM when human efficacy studies are not ethical or feasible. The 
FDA utilizes a novel regulatory pathway commonly known as the "Animal Efficacy Rule." The 
regulatory requirements include the need to demonstrate 1) that there is a reasonably well-
understood pathophysiological mechanism of action of the threat agent and how the product 
prevents or treats the injury; 2) that the effect is demonstrated in more than one animal species 
expected to react with a response predictive for humans, unless a single, sufficiently well-
characterized model exists; 3) that the endpoint is clearly related to the desired benefit in humans, 
generally the enhancement of survival or prevention of major morbidity; and 4) that the relevant 
clinical and nonclinical pharmacokinetic data will allow for selection of an effective dose in 
humans. The products must undergo traditional nonclinical and clinical safety testing as well. 

Also, the FDA works with other government agencies to ensure the availability of stockpiled 
radioprotective drugs in the event of a national crisis. Existing regulations allow emergency access 
to unapproved products, or approved products with an unapproved indication, through several 
mechanisms. Of these, an Emergency Use Authorization (EUA) (BioShield Act of 2004) permits 
the U.S. Government to authorize a product's wide use when there is a declared emergency or 
a significant potential to affect national security. 

Developing strategies to support the approval and accessibility of MCM against radiation is a 
daunting task. The Animal Efficacy Rule provides an alternative regulatory pathway for the 
approval for drugs and biologics to prevent and/or treat radiation injuries in humans. In the event of 
an emergency, an EUA allows for critical access to potentially life-saving products. 
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Radiobiology input I Fr-3 

TRACK STRUCTURE AND RADIATION QUALITY EFFECTS IN THE 
BIOLOGICAL EFFECTS OF HEAVY IONS 

F. A. Cucinotta1.1. Plante1, A. L. Ponomarev2, M-H. Y. Kim2 

1NASA Lyndon B.Johnson Space Center, Houston TX, USA 
2USRA Division of Life Sciences, Houston TX, USA 

E-mail: Francis.A.Cucinotta@nasa.gov 

The understanding of space radiation effects and hardron therapy for cancer treatment requires 
accurate biophysical descriptions of nuclear absorption, energy deposition processes in 
biomolecules and tissue, and biological responses. NASA uses a probabilistic risk assessment 
approach for estimating cancer risks from space radiation that is distinct from the ICRP models 
through the inclusion of descriptions of particle track structure in risk estimates. We review NASA 
models of radiation quality and particle transport including track structure effects. Nuclear 
fragmentation of heavy ion beams in tissue or other materials is described by the quantum multiple 
scattering model, QMSFRG, which is shown to be quite accurate in comparison to experimental 
data. Particle track structure, including amorphous and stochastic approaches, are considered to 
derive a cancer risk model applicable for low fluence or chronic exposures. Cancer risk projections 
for the International Space Station and space exploration such as a mission to Mars are described. 
Possible application of these approaches for heavy ion therapy are discussed. 
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Radiobiology input I Fr-3 

MODELLING THE RELATIVE BIOLOGICAL EFFECTIVENESS 
FOR CARBON THERAPY WITH THE LOCAL EFFECT MODEL 

T. Friedrich1. U. Scholz1, T. Elsässer2, R. Grün1, O. Steinsträter1, 
M. Durante1'3, M. Scholz1 

1 GSI Helmholtz Centre for Heavy Ion Research GmbH, Darmstadt, Germany 
2 Siemens AG, Healthcare, Particle Therapy, Erlangen, Germany 

3 Darmstadt University of Technology, Institute of Solid State Physics, Darmstadt, Germany 

E-mail: t.friedrich@gsi.de 

The Local Effect Model (LEM) is one of the few models capable to predict the relative 
biological effectiveness (RBE). To fully exploit the enhanced effectiveness of particles for 
therapeutic purposes a sufficiently accurate set of RBE values for each specific tissue type and 
radiation quality must be provided. The predictive power of the LEM paves the way for biologically 
based treatment planning in ion beam therapy. In fact it is successfully applied routinely in carbon 
ion therapy for selected tumors. Moreover it is used to design and understand radiobiological 
experiments with different endpoints. 

This contribution focuses on the conceptual basics of the LEM. The key point of LEM is the 
derivation of a cell's response after photon irradiation to that after ion irradiation. In its latest 
implementation we introduced for that purpose a detailed modeling of the induction and spatial 
distribution of double strand breaks for photons based on Poissonian statistics and for ions based on 
an amorphous track structure model. This allows to predict RBE values in the therapeutic relevant 
spectrum of ion species with one consistent set of input parameters. 

Special emphasis is put on the modeling of the manifold dependencies of RBE on tissue- or cell 
type, dose, LET etc. Basic differences to other models are briefly discussed. Some simulation 
results in comparison with experimental data are presented. Finally limits and possible extensions 
and applications of the LEM are discussed. Exemplarily we show results on modeling malignant 
cell transformation along with cell survival after both ion and neutron irradiation. 
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Radiobiology input I Fr-3 

IMPROVMENT OF TREATMENT PLANNING BY THE 
DETERMINATION OF INTRINSIC RADIOSENSITIVITY MARKERS IN 

HUMAN GLIOMA CELL LINES IRRADIATED WITH PHOTON OR 
CARBON IONS. 

G. Alphonse1,2. NH. Hau -Desbat1, P. Heudel1, P. Battiston-Montagne1, 
M. Beuve3, C. Rodriguez-Lafrasse1,2 

1 Laboratory of Cellular and Molecular Radiobiology, EMR 3738, Lyon-Sud Medical School, 
University of Lyon 1, 69921 Oullins 

2 Hospices Civils de Lyon, Centre Hospitalier Lyon-Sud, 69495 Pierre-Benite 
3IPNL, IN2P3 University of Lyon 1, 69100 Villeurbanne Cedex 

E-mail: gersende.alphonse@univ-lyonl.fr 

Glioblastoma is a primary brain tumor with a very poor prognosis. The standard-of-care for 
glioblastoma consists of surgical resection, radiotherapy and chemotherapy, but despite the recent 
improvement of therapeutic protocols, the recurrence seems inevitable and patient survival rarely 
exceeds 15 months. Due to a better dose localization in the tumor volume and a greater relative 
biologic effectiveness (RBE), carbon ion therapy seems to be a promising alternative to 
conventional radiotherapy. Thus, Mizoe et al. (2007) from NIRS in Chiba (Japan) have published 
encouraging results showing an improvement in survival of patients with glioblastoma treated by 
carbon ions of 4 to 14 months over those treated by conventional radiotherapy. In order to optimize 
the hadrontherapy treatment planning of glioma the exact biological equivalent dose need to be 
determined from data obtained after photon irradiation. Hence, molecular and cellular investigations 
on glioma cells after both type of irradiation were performed. 

Eight human glioma cell lines, displaying gradual radiosensitivity, were irradiated with photon 
or carbon ions in order to determine whether the p53 status, the lack of ceramide production, the cell 
cycle arrest or the type of cell death, could be considered as a predictive factor of radioresistance. 
Photon or carbon ion radiation induced a G2/M phase arrest followed by the formation of 
multinucleated cell leading to a mitotic catastrophe, whatever the cell lines studied and their p53 
status. This finally led to a ceramide-dependent apoptotic cell death. The determination of RBE at 
10% survival gave values varying from 1.5 to 2.9. 

From these results, a statistical analysis and the implementation of a mathematical model 
enable us to propose two potential biomarkers which could predict the biological response to carbon 
ion irradiation from that to photon exposure. The first marker was the number of polyploid cells 
formed after photon irradiation which was directly correlated to the RBE. The achievement of a 
mathematical model has revealed a second predictive marker by incorporating the results of survival 
curve and cell cycle in response to photon or carbon ion irradiation. The more valuable correlation 
led us to predict the cellular radiosensitivity to carbon ion irradiation (a parameter of the survival 
curves) from the intensity and the extent of G2/M phase arrest of photons irradiated cells. The 
determination of these two predictive markers may lead to improve treatment planning software in 
order to optimize the dose delivery to the tumor. 

This work was supported by the ETOILE Center, the LIGUE contre le Cancer and The INCa 
(Institut National du Cancer, project GRRAAL (Gliomas Radiobiology Rhône-Alpes Auvergne 
Labs)). 
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Radiobiology input II Sa-10 

A TREATMENT PLANNING COMPARISON OF DIFFERENT 
RADIOBIOLOGICAL MODELS FOR HEAVY ION THERAPY 

C. Gillmann1'2. M. Scholz3, C. P. Karger2, S. Greilich2, M. Ellerbrock4, 
R. Gruen3, T. Friedrich3, J. Debus1,0. Jäkel4 
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2German Cancer Research Center (DKFZ), Heidelberg, Germany 

Gesellschaft für Schwerionerforschung (GS1'), Darmstadt; Germany 
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E-mail: c.gillmann@dkfz.de 

In carbon ion radiotherapy, an accurate calculation of the biologically effective dose is essential 
for the adequate treatment of patients. For that purpose, the local effect model (LEM I) has been 
used in clinical routine for more than 500 patients with excellent results. Nevertheless it is well 
known, that LEM I has some shortcomings, in particular the overestimation of the relative 
biological effectiveness (RBE) in the entrance channel (Karger et al, Int J Radiat Oncol Biol Phys 
2006, Elsässer et al, Int J Radiat Oncol Biol Phys 2008). As a first step towards the therapeutic use 
of a further developed and more generalized version of the local effect model (LEM IV), we 
conducted a treatment planning study comparing LEM I and LEM IV. This study allows us to 
analyze potential differences in the RBE weighted dose calculation of both models. Furthermore, 
resulting dose parameters can be compared to published clinical data. 

Using LEM IV, we recalculate treatment plans that were initially based on the LEM I 
algorithm. Our collective includes 30 patients with skull base chordoma and chondrosarcoma who 
were irradiated with carbon ions at Gesellschaft für Schwerionenforschung (GSI, Darmstadt, 
Germany) in 2002 and 2003. For the assessment of recalculated plans commonly used dose indices 
like conformity and homogeneity are evaluated. 

In our analysis, we identify slight deviations between LEM I and LEM IV that are in the order 
of up to 10 % for the median values of many clinically relevant dose indices. In detail, we observe, 
that dose distributions in the target, being homogeneous for LEM I, become dependent on the tumor 
diameter in beam direction for LEM IV. Furthermore, isodose lines are much more concentrated 
around the target area for LEM IV. In consequence, for tissue in close proximity of the target, we 
observe a dose elevation of about 10 %, whereas in regions several millimeters away from the 
target, we find a reduction of dose. As a consequence, the median dose of the temporal lobe is 
reduced about 10 %. 

Our comparative treatment planning study enables a qualitative visualization and a statistical 
analysis of RBE weighted isoeffective dose distributions calculated by LEM I and LEM IV. A 
quantitative evaluation shows similar results for clinically relevant dose indices. This treatment 
planning study essentially contributes to the ongoing discussion about the future use of 
radiobiological models in hadron therapy. 
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THE INFLUENCE OF RELATIVE BIOLOGICAL EFFECT (RBE) 
AND PHYSICAL DOSE DISTRIBUTION 

IN PROTON BEAM THERAPY OF MEDULLOBLASTOMA 

B. Jones1-2. P. Wilson1'2, A. Naigano2, C. Timlin2 

Gray Institute for Radiation Oncology & Biology, Oxford, UK 
2Martin School Particle Therapy Cancer Research Institute, Oxford, UK 

E-mail: Bledd3a1.Jones@rob.ox.ac.uk 

Medulloblastoma is considered an ideal tumour for proton therapy, due to the elimination of 
radiation exposure to many organs anterior to the spine. The expected benefits are reductions in 
radiation carcinogenesis and circulatory complications later in life, as well as avoidance of small 
volumes of higher brain dose due to dose distribution inhomogeneity in the case of conventional 
megavoltage x-rays. But some aspects of proton therapy might contribute to reduced tumour 
control, including (a) the use of more homogenous proton dose compared with x-rays, and (b) 
differences in relative biological effectiveness (RBE). X-ray therapy provides an additional 3-4% 
dose compared to protons deep to the meninges of the temporoparietal region of the brain and 
slightly higher doses anteriorly and posteriorly. The conventional proton prescription RBE of 1.1 
may impact on tumour control. X-ray a/ß ratios and RBE are linked in a complex way, but 
amenable to modelling. Recent analysis of all past UK fast neutron cellular and animal experiments 
have been extrapolated to typical proton RBE values: medulloblastomas which have a high a/ß (20-
30 Gy) are expected to have a low RBE (below 1.1), while CNS tissue (a/ß of 2 Gy) is likely to 
have RBE greater than 1.1. These differences can lead to effective tumour underdosage by around 
10% or more. An additional issue is that dose reduction, used for 'low-risk' patients, can provide a 
further disadvantage in association with those mentioned above. 

It is essential that more work should be done to characterise tissue and tumour RBE values in 
important clinical situations, such as children's tumours. The entire prescription method needs to be 
reassesed; proton dose distribution patterns across the whole brain need to be reconsidered. An 
example of an unfortunate UK medulloblastoma patient with a recurrence in the superficial 
temporoparietal region, which would have received the a lower biological effective dose (BED) 
using protons than x-rays if dose distribution and RBE differences are used to calulate the BED. 
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The cellular track structure theory (Katz model) (Katz 1978) is a parametric phenomenological 
model able to quantitatively describe and predict the relative biological effectiveness (RBE) for cell 
survival in vitro after ion irradiation. Survival curves after an "ion dose" from a beam of ions 
(specified by their charge, energy and fluence) can be predicted over a wide range of ion species, 
once the four model parameters representing a given cell line have been established from fits to 
some measured cell survival data. The model supplies parameters to represent cells irradiated in 
aerobic or anoxic conditions. TST parameters were extracted from published in vitro cell culture 
data concerning cell survival following track-segment irradiation by several ion species, ranging 
from He to Fe of energies up to several hundred MeV/amu: V79 (in aerobic and hypoxic conditions) 
- data of Furusawa (Furusawa et al. 2000) ; NB1RGB - data of Tsuruoka (Tsuruoka et al. 2005). In 
particular, we modelled the dependence of Relative Biological Effectiveness (RBE) on ion type, 
LET and cell type. The Katz-model predictions of the Oxygen Enhancement Ratio (OER) for V79 
as a function of LET for different ion species are compared with experimental data published by 
Furusawa (Furusawa et al. 2000). 

References : 
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"Inactivation of Aerobic and hypoxic cells from three different cell lines by accelerated 3He-, 12C and 
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For the treatment of ocular malignancies in the Department of Ophthalmology and Ocular 
Oncology in Krakow besides surgical methods we use episcleral plaque brachytherapy and 
transpupillar thermotherapy. In January 2011 to the mentioned therapeutic options we have added 
proton beam radiotherapy. 

The aim of our presentation is to share our experience with this method of treatment 
The Department of Ophthalmology and Ocular Oncology of Jagiellonian University in co-

operation with the Institute of Nuclear Physics, Polish Academy of Sciences in Krakow, and the 
Centre of Oncology in Kraków, started a new facility of proton radiotherapy for ocular tumors. The 
AIC-144 cyclotron accelerates proton beam of 60 MeV. The range of Bragg peak measured in water 
is 28 mm. 

For the planning of the therapy we use the Eclipse Ocular Proton Planning (Varian Medical 
Systems software). 

We present our experience with first 9 patients treated at our institutions. 
The new facility in Middle Europe should serve the needs for proton radiotherapy of ocular 

tumors in Poland as well as for neighbouring countries. 
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An ocular proton radiotherapy facility has been developed and operated clinically in Krakow, 
Poland. Between February and April, 2011 the first nine patients have been treated. This facility is 
located at the Henryk Niewodniczański Institute of Nuclear Physics of the Polish Academy of 
Science in Krakow (IFJ PAN) and has been developed by IFJ PAN in cooperation with the 
Department of Ophthalmology and Ophthalmic Oncology of the Medical College of the 
Jagiellonian University, and the Krakow Branch of the Maria Skłodowska-Curie Memorial Institute 
Centre of Oncology. The 60 MeV proton beam is produced by the AIC-144 isochronous cyclotron 
designed and constructed at the IFJ PAN around 1980 and adapted to proton radiotherapy in 2008. 
The optical line allows patient irradiation at dose rates 0.25 - 1.0 Gy/s. The beam range (in water, 
90% at the distal edge) is 28.3 mm, the distal fall-off (90%-10%) is 0.75 mm and lateral penumbrae 
measured in air (90%-10%) do not exceed 1.3 mm. 

The proton beam from the cyclotron is delivered to the therapy room where it is formed and 
monitored. The facility has been equipped with in-house - developed beam forming elements, PTW 
type 7862 beam monitors, designed for continuous monitoring of the proton beam, a segmented 
ionization chamber for monitoring beam uniformity, and electrometers for beam control and 
dosimetry. A Schär Engineering AG eye therapy chair enables the patient to be immobilised and 
positioned with 1/10 mm precision. The X-ray system for patient's eye positioning is based on 
Varian RAD-14 Diamond tubes and a Kodak "Point of Care" CR-260 computed radiography 
system. The Varian Medical Systems Eclipse Ocular Proton Planning radiotherapy planning system 
has been implemented. The beam control system and the autonomous safety system are based on 
National Instruments hardware and dedicated software, developed using the LabView platform. 

The facility will satisfy the needs for proton radiotherapy of ocular melanoma patients in 
Poland, estimated at about 100 -150 cases per year. 
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EXPERIENCES FROM THE FIRST 500 PATIENTS 
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The Heidelberg Ion Beam Therapy Center (HIT) started clinical operation in mid November 
2009 (Combs et al. 2010). The center is located at the Heidelberg University Hospital and is 
worldwide the only center offering radiotherapy with scanned proton and carbon ions. The facility 
has three treatment rooms: two are equipped with a horizontal beam line and one with an isocentric 
gantry. An additional room serves for QA and experimental purposes. All beam-lines use the 
magnetic raster scanning system for beam delivery. The beam is produced in one of the two ion 
sources and accelerated in a synchrotron, providing energies between 80 and 430 MeV/u for Carbon 
ions and 50-220 MeV for proton beams (Heeg et al. 2004). The synchrotron allows for an active 
variation of the beam energy in 252 steps corresponding to steps of approximately 1mm in tissue 
over the range of 2-30cm. The facility can also provide beams of helium and oxygen ions, which 
may be used clinically in the future. For this purpose a third ion source will be installed in late 2011. 

The clinical operation started in 2009 with only one horizontal beam-line. The second horizontal 
beam-line was opened in January 2010. The commissioning of the gantry is currently ongoing and 
will be completed in early 2012. Until August 2011, a total of 500 patients were treated at HIT. In 
the initial phase mainly the clinical program of the pilot project at GSI was continued with 
treatments of patients with skull base chordoma and chondrosacroma as well as sacral chordoma 
and adenoidcystic carcinoma. In the mean time several new trials have been opened, including 
treatment of the low grade glioma, primary and recurrent malignant astrocytoma and glioblastoma, 
osteosarcoma, hepatocellular carcinoma and prostate carcinoma. Overall about 20% of the 
treatments were performed with proton beams, with a tendency of further increase. 

For treatment planning, a newly developed system from Siemens (Syngo PT planning) is used. It 
includes a detailed radiobiological modelling of the effects of high LET radiation based on the LEM 
model, which was developed and used clinically at the GSI between 1997 and 2008. It allows for a 
calculation of the RBE under various conditions, like variable tumour types, changing fraction sizes, 
depth modulation, etc. Also the TPS allows for biologically optimized intensity modulated 
radiotherapy, i.e. a simultaneous optimization of multiple treatment fields to further improve the 
quality of treatment plans. 

The clinical research program (Jäkel et al. 2008) is accompanied by an extensive research 
program in the field of radiobiology and medical physics. The latter includes research of new 
dosimetry techniques, development of novel algorithms for treatment planning and plan 
optimization, in vivo treatment monitoring using an off-line PET-CT scanner, radiographic imaging 
with ion beams and other topics. 
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Combs SE; Jäkel O; Haberer T; Debus J. Radiotherapy and Oncology, 95 (1) 2010: 41-44 
Heeg P, Eickhoff H, Haberer T. Z. Med. Phys. 14, 2004: 17-24 
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A general assumption for dose calculations in the proton therapy of ocular tumors is a constant 
physical density in the model used. Consequently the dose calculation is reduced to a simple 
geometrical range tracking algorithm, looking for the maximum range in a homogeneous eye model. 
As clinical results worldwide show, for nearly all patients with ocular tumors this method is 
sufficient. Here, however, we present two cases with density variations within the eye. The simple 
range tracking algorithm, used in EYEPLAN or OCTOPUS, would calculate an insufficient proton 
range. 

Our first case is of a retinoblastoma, tumors of very young children, generally subject to 
calcification, leading to an increased density of the tumor tissue and reducing the range of the 
protons. In order to get an estimation of the loss the proton ranges were calculated by the MCNPX 
Monte-Carlo Code. The calcified tumor was handled like cortical bone according to the CT-
numbers with a density of 1.4 g/cm3. Depending on the tumor size and shape the range reduction 
was nearly 2 mm. 

Our second case was of a patient with a silicone tamponade after total vitrectomy. The silicone 
CT-number of 80 HU corresponds to a density of about 1.06 g/cm3 for human tissue on the 
calibration curve of the used CT-scanner. This would imply that a higher proton energy would be 
necessary than for normal eye tissue. However, the density of silicone oil is 0.97 g/cm3. In this case 
the use of the simple range tracking algorithm would result in a 2 mm higher proton range, 
confirmed by MCNPX simulations and depth dose measurements. 

One should be aware that density variations can affect the range of protons in a way that an 
adaption of the treatment plan is necessary. 
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Purpose: To report the results of proton beam radiotherapy of diffuse iris melanoma 
54 Patients with primary or recurrent diffuse iris melanoma were treated with proton beam 

radiotherapy between 02/99 and 09/2010. Mean age was 55 Years (range, 11-89 Years). An annular 
orifice was used in all cases. A retrospective review of the clinical features, management, response 
to treatment and local side effects was performed. 

All cases showed sings of diffuse seeding to the iris surface or to the anterior chamber angle and 
were considered nonresectable. A dose of 50 CGE was delivered in four fractions to the entire 
anterior segment. Cataract developed in all patient with a follow-up of more than 1 year and has 
been removed in 36 cases. 14 eyes were noted to have glaucoma before treatment and 24 developed 
it after radiotherapy. One eye was removed for tumor progression and hemorrhagic glaucoma. 
Tumour control and eye retention were 98% at a mean follow-up of 41 months. Mean visual acuity 
was 0,7 before treatment 0,5 after 1 year and 0,4 after 5 Years, respectively. One patient died of 
metastasis 5 years after irradiation without local recurrance. 

Conclusion: Proton beam radiotherapy of iris melanoma results in excellent tumour control with 
preservation of vision. Cataract and glaucoma are the main complications. 

24 

mailto:gregor.willerding@charite.de


Clinical experience Fr-10 

TREATMENT PLANNING STUDY ON INTERFRACTIONAL MOTION IN 
PROSTATE CANCER TREATMENT 

A. Rucinski1. G. Habl1, S. Ecker2, Ch. Bert3, K. Herfarth1, T. Haberer2 

department of Radiation Oncology, University of Heidelberg, Heidelberg, Germany 
2Heidelberg Ion Beam Therapy Center, Heidelberg, Germany 

3GSI Helmholtzzentrum für Schwerionerforschung, Darmstadt, Germany 

E-mail: antoni.rucinski@med.uni-heidelberg.de 

Prostate cancer is the predominant cancer for men in developed countries. Carbon ion therapy 
could be an efficient method for treating this kind of disorder due to its high conformity and 
radiobiological effectiveness. However, the high conformity of particle therapy makes it susceptible 
to organ motion because of a larger influence of variations of energy loss in the entrance path on the 
target dose as compared to photons. 

During the prostate irradiation in carbon ion therapy interfractional prostate motion and changes 
in the beam entrance path detected by pre-treatment image registration (using either bony anatomy 
or soft tissue) might affect dose distribution. The goal of this treatment planning study is to 
determine the impact of these factors on definition of safety margins of the target volume. For this 
purpose Megavoltage Computer Tomography (MVCT) data acquired on a daily basis from a 
TomoTherapy unit were used to calculate treatment plans for carbon ion therapy (Fig.l). The day-
to-day quality variations of collected MVCT images had to be considered because resulting 
uncertainties may cause incorrect dose distribution calculations. For the assessment of recalculated 
therapy plans, a variety of indices commonly used for this purpose were applied, such as target 
coverage, dose conformity and homogeneity index. The adequacy of a spacer gel (injected between 
the rectal wall and the prostate) for prostate treatment in carbon ion therapy was investigated. 

The presented study on treatment planning is one of the elements of developing methods for 
prostate treatment at Heidelberg Ion Beam Therapy Centre. Interfractional prostate motion and 
variation in beam entrance path have to be considered with high caution during definition of target 
volume safety margins. The use of carbon ion therapy and the application of a spacer gel should be 
considered as good solutions for sparing of the rectal wall and the reduction of target volume safety 
margins by prostate irradiation. 

Fig. l. Transversal view of the MVCT image of 
a prostate patient. The dose distribution was 
optimized for carbon ions. The presented case 
does not consider prostate motion. Dose 
gradients are displayed in percent. 

Segmented regions of interest: 
B - bladder 
C - prostate (CTV, target volume) 
G - spacer gel 
R - rectum. 
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The vast majority of the proton treatments given to date are delivered with the technique known 
as passive scattering (PS). With this method, one single proton energy is used for each treatment 
field and all modifications of the beam with regard to energy and lateral distribution is performed in 
the treatment room in close vicinity of the patient. PS is a well approved and safe technique, but it 
also implies limitations in dose distribution and efficiency and in addition secondary neutrons are 
produced in the beam modifying devices that add to the unwanted dose burden to the patients. 

An alternative to PS is Active Scanning (AS), also known as Spot Scanning, a treatment delivery 
technique developed primarily at the PSI in Switzerland. With this technique a narrow pencil beam 
is led through the beam transport system and magnetically deflected to hit a predefined point on the 
patient. To obtain the planned dose distribution, the beam is scanned over the patient's surface in x 
and y, and the energy is varied to also scan in the z-direction. With AS a superior dose distribution 
can be obtained, no neutrons are generated in front of the patient and the intensity of the beam can 
be modulated individually for each voxel in the treated volume. 

AS is indeed the preferred choice for future proton treatments. From a technical point of view, 
however, AS is very demanding and for a number of aspects, improved systems need to be 
developed. 

For the treatment of each depth layer in the patient, a specific proton energy is needed and with 
every new energy, new setting of every magnet in the beam transport system, gantry included, is 
required. In addition, to keep treatment times short, all changes in energy and, hence, magnet 
settings need to be done rapidly, correctly accounting for hysteresis in the magnets. Today's 
systems are not yet fast enough to meet the demands for handling e.g. moving targets in an optimal 
way. 

The control system is another issue of great importance. Each pulse of radiation given to the 
patient must be monitored and analyzed with respect to both position and intensity. A narrow beam 
with high intensity means an increased risk for ion recombination in the monitor chamber. The 
monitoring system needs not only to be fast and precise, but also its scattering properties need to be 
such that the beam quality is not affected. 

The use of AS requires low energies to be led to the patient for superficial targets or part of 
targets. This is a challenge, in particular for cyclotron based systems, since the energy modulation 
process is a very inefficient one and most of the beam current is lost. As a result treatment times are 
prolonged and beam modifiers such as range shifters and ripple filters need to be used. 

AS is a relatively new modality, but in order to fulfill al the expected promises of improved 
proton treatments, the proton systems must continue to develop and a number of issues need to be 
addressed. The proton community, i.e. present and future users of AS, need to give clinically 
relevant feed back to the manufacturers and demand continued efforts and progress in the striving of 
the best possible proton delivery technique. 
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In May 2008 the University of Texas M.D. Anderson Cancer Center in Houston, Texas treated 
its first patient with a scanned proton beam. This was the first time a patient was treated with a 
scanned proton beam in a hospital setting, i.e. not within the setting of a research laboratory. 

Using the example of the M.D. Anderson scanning nozzle, we describe the process from 
development of specifications to quality assurance (QA) for the first patient and give an outlook to 
future developments of scanning particle beam therapy in a hospital setting. 
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Nowadays, Monte Carlo (MC) codes are increasingly spreading in the ion beam therapy 
community due to their detailed description of radiation transport and interaction with matter. MC 
methods are being utilized at several institutions for a wide range of activities spanning from beam 
characterization to quality assurance and dosimetric/radiobiological studies. 

The suitability of a MC code for application to ion beam therapy demands accurate and reliable 
physical models for the description of the transport and the interaction of all components of the 
expected radiation field (ions, hadrons, electrons, positrons and photons). This becomes extremely 
important for correctly performing not only physical but also biology-based dose calculations 
especially in cases where ions heavier than protons are involved. In addition, accurate prediction of 
emerging secondary radiation is of utmost importance in emerging areas of research aiming to in-
vivo treatment verification. 

This talk will address the specific case of the general-purpose particle and interaction code 
FLUKA, presenting its current status with special focus on the recent model developments which 
are of relevance in the energy range of therapeutic interest. Moreover, it will review examples of 
validation and application at several experimental sites as well as ion therapy facilities with passive 
and active beam delivery systems, indicating that the code already represents a valuable choice for 
supporting a large variety of applications in ion beam therapy. Further ongoing activities are aimed 
to extend the collection of nucleus-nucleus cross-section data to better validate and eventually 
improve the models of the FLUKA code for more sensitive dedicated applications, like imaging of 
secondary emerging radiation and radiobiological calculations. 
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Tumour hypoxia is one of the limiting factors in achieving tumour control in radiotherapy.High-
LET radiation has been shown to be effective in reducing the Oxygen Enhancement Ratio (OER) in 
in-vitro systems, and has regularly been proposed for overcoming hypoxia in-vivo. However, high-
LET radiation also means increased morbity to healthy tissue, which limits the applicability of high-
LET radiation. 

The high-LET region of a beam of heavy charged particles such as carbon ions is located in the 
distal part of the Bragg peak. A modulated or spread out Bragg peak (SOBP) however results in a 
dilution of the dose-average LET in the target volume. The resulting dose-average LET may in fact 
be insufficiently low for effectively reducing the OER in a tumour, which indicate that ions heavier 
than carbon may be required. 

However, it has earlier been shown that it is possible to redistribute the LET by dedicated 
treatment plan optimisation, in order to maximise LET in the target subvolumes, which could be 
areas which have been identified as being hypoxic. The high-LET region can be shaped in very 
different ways, while maintaining the distribution of the absorbed dose or biological effective dose. 
Alternatively, a strategy could be utilized along with dose escalation or dose painting, possibly 
using multiple beam modalities. Following the general understanding of the relationship between 
hypoxia, LET and the OER, an additional therapeutic advantage can be achieved by confining the 
high-LET part of the radiation in hypoxic compartments of the tumour, and applying low-LET 
radiation to the normoxic tissue. 

29 

mailto:bassler@phys.au.dk


New techniques in hadron radiotherapy Fr-15 

TOWARDS THE MEDICAL APPLICATION OF LASER DRIVEN 
PARTICLE BEAMS: ESTABLISHMENT OF IN VITRO DOSE RESPONSE 

STUDIES AS THE FIRST TRANSLATIONAL STEP 
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M. Schuerer2, K. Zeil1, J. Pawelke1*2 
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During the last years, the new laser based technology of particle acceleration was developed at 
such a rate that medical application, i.e. for cancer therapy, becomes entirely conceivable. 
Promising more compact and economic proton accelerators, being suitable for existing radiotherapy 
hospitals, the laser technology however results in ultra-short pulsed particle beams of ultra-high 
pulse dose and pulse dose rate. Thus, the consequences of laser particle acceleration on beam 
transport and radiation field formation, dosimetry and radiobiological effects have to be investigated 
carefully for the whole translational chain from bench to bedside. 

Within the German joint research project "onCOOPtics" systematic in vitro cell experiments 
aiming on the influence of the ultra-high pulse dose rate were firstly established at the Jena 10 
terawatt laser system JETI that provides laser accelerated electrons of some ten MeV. Secondly, the 
increased laser intensity of the 150 terawatt laser system DRACO at the HZDR was applied to 
accelerate protons to energies of up to 20 MeV. Previous to these experiments, both laser systems 
had to be extensively optimized in terms of intensity, energy distribution, background reduction, 
spot size, stability and reliability of the particle beams. The combination of real-time monitoring of 
dose delivery and a precise retrospective absolute dosimetry enabled the application of defined 
doses, in spite of the laser based fluctuations of beam intensity and energy. For comparison, 
reference irradiations with conventionally accelerated, continuous particle beams were performed in 
parallel to each laser experiment. 

In consequence, all key requirements necessary for systematic in vitro cell experiments as the 
basic translational step towards clinical application of laser-driven particle beams have been 
fulfilled. Moreover, the dose response curves obtained for pulsed and continuous particle beams 
show no significant influence of the ultra-high pulse dose rate on the radiobiological response. As 
next step, animal studies that demand for the translation from 2D to 3D irradiation are in 
preparation. 

The work was supported by the German Federal Ministry of Education and Research (BMBF), 
grant no. 03ZIK445. 
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SCANNING ION BEAM DELIVERY SYSTEMS 

S. Vatnitskv1. A. Ableitinger1, D. Georg2 
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E-mail: stanislav.vatnitsky@ebgmedaustron.at 

The development of radiation technology enabled the implementation of scanning beam delivery 
technique and the next generation of ion beam facilities in Europe aim to employ only scanning 
beams (protons and carbon ions). However, the procedure of reference dosimetry and consequently 
the calibration of dose monitors in scanning beams is usually defined by the output of the treatment 
planning system (TPS). Therefore it may include several additional steps compared to the dose 
monitor calibration of clinical beams produced with the passive beam delivery technology. These 
features complicate dosimetric intercomparison between facilities and require specific procedure. 
The most efficient solution for the dosimetry intercomparison of scanning beam delivery systems is 
to use a so-called end-to-end test auditing procedure. Such test has been designed based on the use 
of a plastic phantom that hosts a set of alanine detectors distributed over the predefined volume and 
as well as EBT films. Alanine detectors are provided by the NPL and the dose delivered during 
irradiation is 10 Gy. 

The purpose of the end-to-end test auditing procedure is not just to validate beam line monitor 
calibration but to confirm that the entire logistic chain of radiation treatment starting from CT 
imagining, treatment planning, monitor calibration and beam delivery is operable and leads to the 
desired results with sufficient accuracy. Following the procedure the user should image the phantom 
on the CT scanner, transfer the CT data to the TPS, perform planning to deliver the prescribed dose 
to the requested target volume, and then to execute the plan in a way similar to the patient's 
treatment. The presentation provides the details of the procedure and some preliminary results of the 
pilot study. The current work is performed within the framework of the ULICE project. 
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ICRU ACTIVITIES IN RADIATION THERAPY WITH IONS 

H. G. Menzel 

International Commission on Radiation Units and Measurements (ICRU) 

E-mail: Hans.Menzel@cern.ch 

The ICRU has as its principal objective the development of internationally accepted 
recommendations regarding: 

- quantities and units of radiation and radioactivity; 
- procedures suitable for the measurement and application of these quantities in 

diagnostic radiology, radiation therapy, radiation biology, nuclear medicine, radiation 
protection, and industrial and environmental activities; 

- physical data needed in the application of these procedures, the use of which assures 
uniformity in reporting. 

The successful radiation treatment of cancer depends vitally on knowledge of the precise amount 
and location of radiation given to a patient and the opportunity for therapists to exchange this 
information and the results achieved. As far as radiation measurement is concerned, the ICRU 
published several reports recommending dosimetry protocols for radiation therapy, including a 
report for therapy for protons [ICRU Report 59 (1998)].Fundamental physical data for radiation 
therapy have also been published in several reports, including Report 49 (1993)on Stopping Powers 
and Ranges of Protons and Alpha Particles, and Report 73 (2005) on Stopping of Ions Heavier than 
Helium. 

Progress in radiation therapy requires the ability to compare clinical results achieved in different 
centres using different radiation modalities and protocols. Thus a common language for reporting 
fractionation schedules, doses, and techniques is required for optimum treatment. The ICRU has 
devoted considerable effort in that direction and published since 1993 a series of reports on 
Prescribing, Recording, and Reporting Therapy for different treatment modalities, including for 
therapy with protons, Report 78 (2007) and, most recently, for IMRT, Report 83 (2010). 

A report on Prescribing, Recording, and Reporting Ion-beam Beam Therapy is in preparation. 
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The field of secondary neutrons outside the shielding of high-energy ion therapy facilities 
includes neutrons with energies from meV up to hundreds of MeV. The field is very similar to that 
of secondary neutrons from cosmic radiation. In terms of effective dose, neutrons with energies 
above about 100 keV are most important in both cases. In particular, neutrons above 20 MeV 
contribute about half to the neutron dose. Unfortunately, at these high energies experimental data on 
neutron interaction cross sections are scarce and, as a result, simulation of the neutron field using 
state-of-the-art particle transport codes is somewhat uncertain. Measurement of neutron doses and 
neutron spectra at those energies are also uncertain, because the response function of any instrument 
used for neutron detection is often simulated, at these high energies. In the present paper, 
measurements of neutron spectra that were performed by means of a Bonner Spheres Spectrometer 
are shown. These spectra include those obtained outside the shielding of the heavy ion therapy 
facility of GSI, Germany, and those from secondary neutrons from cosmic radiation measured at 
mountain altitude. The uncertainties for neutron dosimetry at high energies are discussed, and 
efforts initiated by the European Radiation Dosimetry Group (EURADOS) are described to improve 
the situation. 
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A COMPARISON OF PASSIVE DOSEMETERS. 
A EURADOS WG9 SET OF EXPERIMENTS 
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R. Harrison1, Z. Knezevic1, S. Miljanić1, P. Olko1, M. Silari1, L. Stolarczyk1, P. Vaz1 

1EURADOS Working Group 9 Radiation Protection Dosimetry in Medicine 

E-mail: Jean-Marc.Bordy@cea.fr 

It is recognized that, thanks to improved dose delivery techniques, survival rates in radiotherapy 
are increasing, but secondary cancers might also increase in the future. These occurrences are 
amplified by the early detection of disease in younger patients. These patients are cured from the 
primary disease and have long life-expectancies, which increase their chances of developing 
secondary malignancies. The motivation of the EURADOS Working Group 9 (WG 9) "Radiation 
protection dosimetry in medicine" is to assess undue non-target patient doses in radiotherapy and 
the related risks of secondary malignancy with the most accredited available methods, with 
emphasis on a thorough evaluation of dosimetry methods for measuring doses at locations remote 
from the target volume in phantom experiments. The development of a unified and comprehensive 
dosimetry methodology for non-target dose estimation is the key element of the current work of 
WG9. 

The aim of this work was to select and review dosimeters suitable for photon and neutron 
dosimetry in radiotherapy and to evaluate the characteristics of dosimeters at CEA LIST Saclay in a 
reference clinical linear accelerator beam. Dosimeters were irradiated in a matrix of measurement 
points within a 30 x 30 x 60 cm3 water phantom. The dose of 2 Gy was delivered to a point on the 
central axis of the horizontal beam at a depth of 10 cm in water. The irradiation size field was 10 x 
10 cm2. For photon dosimetry, irradiations were carried out at three radiation qualities 
corresponding to 6, 12 and 20 MV, giving a total of 204 measurements per dosimeter type. For 
neutron dosimetry only 12 and 20 MV were used. Dosimeters used in the intercomparison were a) 
For photons: Radiophotoluminescence (RPL) - Ruder Boskovic Institute (RBI) Zagreb, Optically 
Stimulated Luminescence (OSL) - Commissariat à l' Énergie Atomique (CEA), Paris, 
Thermoluminescence (TLD) - Instytut Fizyki Jądrowej PAN (IFJ), Krakow and RBI, Zagreb and b) 
For neutrons: Track etch detector (CR39) - Universitat Autonoma de Barcelona (UAB) and Bubble 
detector - Università di Pisa (UP). It was found that that outside the treatment field, TLD and RPL 
detectors showed the lowest deviations of results against ionization chamber measurements. Further 
work must be carried out to reduce the uncertainties of outside field dosimetry, in particular for 
neutrons. 
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In February 2011 at the Institute of Nuclear Physics (IFJ PAN) in Krakow a proton ocular 
radiotherapy, the first one in Poland and in Central Europe, has been successfully implemented into 
clinical practice. The proton radiotherapy facility has been developed in cooperation with the 
Department of Ophthalmology of the Collegium Medicum, Jagiellonian University and the Kraków 
Branch of the Maria Skłodowska-Curie Memorial Institute of Oncology. By the end of April 2011, 
nine patients with eye choroidal melanoma were successfully irradiated with the proton beam. 

While the proton beam assures precise delivery of the therapeutic dose to the treated organ, 
unavoidable is the production of secondary radiation, predominantly neutrons and gamma-rays, 
which additionaly contributes to the therapeutical dose delivered to the patient. A quantitative 
analysis of secondary radiation emitted during the procedure of proton ocular radiotherapy at the IFJ 
PAN was carried out by measurements and by numerical calculations (MCNPX code). The effective 
dose received by the patient during the entire course of patient treatment was evaluated. 
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A major issue in radiotherapy is dose limitation in a tumor to avoid severe complications caused 
by dose in the surrounding healthy tissues. Usage of a proton beam in the therapy offers significant 
advantages in ensuring complete tumor destruction while minimizing collateral damage to healthy 
tissue. The reason for this is the highly localized dose deposition of ions (Bragg peak). However, 
dose delivery with protons (and other ions) is less robust towards anatomical changes in the patient 
over the course of a treatment, proton range miscalculations, and patient motion. 

While penetrating a target volume, a particle beam generates a large number of prompt, light 
particles and photons escaping the irradiated object. Since the particle beam is stopped inside the 
patient, conventional portal imaging cannot be used. Thus, positron emission tomography (PET) is 
applied. The in-vivo PET imaging technique uses the correlation between the locus of positron 
emitting nuclei and the delivered dose distribution to offer clinicians valuable feedback in-between 
treatment fractions. A complementary longitudinal measurement of prompt photons perpendicularly 
to the beam direction allows to obtain a beam-profile image correlated with the Bragg peak. The 
inherent physics capabilities of prompt gamma radiation allow to detect density heterogeneities and 
morphological changes in the target (patient) by means of a correlation of prompt gammas fall-off 
and the dose. 

When the high resolution Time-of-Flight (TOF) information is applied to the PET data, the 
signal-to-background (S/B) ratio is significantly improved what consequently leads to a better 
image quality. The TOF window utilized to the 'prompt' technique remarkable removes a large 
neutron background (S/B ratio is much higher thanlO) hence the distal range can be monitored 
accurately. 

Results of simulation studies for both techniques will be presented. 
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Many factors may simultaneously exert their influence on biological objects. It is well known that 
the synergistic interaction of hyperthermia with ionizing radiation and other agents is widely used in 
hyperthermic oncology. The combined action of two factors may be considered as synergistic when 
the effect produced is greater than the sum of the two individual responses. This study has been 
done to theoretically explore the common rules of synergistic effects due to the combined action of 
radiation and hyperthermia on cells, and test the conceptual model using the available experimental 
data. 

The rationale for the theoretical approach is based on the postulation that synergism comes from 
an additional effective damage arisen from the interaction of sub-lesions induced by both factors. 
These sub-lesions are considered to be ineffective after each agent taken individually. The 
additional damage responsible for the synergistic effect seems to be irreversible. This conception 
was used to propose a general theory for the combined action between two different factors. 

As for the combined action of ionizing radiation with hyperthermia, the revealed regularities can 
be summarized as follows. For a constant dose rate, synergistic interaction between radiation and 
heat at low intensity was realized only within a certain range of temperature, independently of the 
target object analyzed. A decrease in radiation dose resulted in an increase in the duration of 
thermo-radiation action to achieve the same absorbed dose. Therefore, the number of thermal sub-
lesions would also be increased resulting in the disruption of the condition at which the highest 
synergy should be observed. To preserve an optimal ratio of heat-induced damage to radiation-
induced damage with any decrease in the dose rate, the exposure temperature should be decreased. 

Optimizations could be made for the greatest value of the synergy and condition under which it 
could be achieved. Dependency of the synergistic effect on radiation dose (rate) and temperature 
could also be predicted by the theoretical model. Predictions by the model were in a reasonable 
agreement with available experimental data. The degree of synergism due to the combined action 
was found to be dependent on the ratio of lethal damage induced by the two factors applied 
simultaneously. 
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The National Hadron Radiotherapy Project Consortium (Polish acronym: NCRH) was 
established in Krakow by ten major Polish scientific and medical institutions whose representatives 
signed the official document on September 13, 2006. The Consortium is coordinated by the Institute 
of Nuclear Physics (IFJ PAN) in Krakow. The main objectives of the NCRH Consortium are to 
coordinate research in fields related to hadron radiotherapy, such as clinical radiotherapy, medical 
physics, radiobiology or accelerator technology, and to enable clinical and technical infrastructure 
for hadron radiotherapy to be developed in Poland. Within its long-term strategy, the Consortium 
foresees a two-stage development: in its first stage, a 230-250 MeV proton accelerator with a 
horizontal experimental beam for research and a treatment beam with a proton gantry, will be 
installed at IFJ PAN in Krakow. In the second stage, a dedicated clinical centre, with proton and C-
12 beams, will be established in Warsaw. 

On August 2, 2010 the contract between Institute of Nuclear Physics Polish Academy of 
Sciences (IFJ PAN) and Ion beam Application (IBA) has been signed for turn-key delivery of the 
230 MeV Proteus C-235 proton cyclotron with a horizontal experimental beam for research and for 
the eye line. The energy selector will allow to use the proton beam in energy range from 70 MeV to 
230 MeV. The construction of the facility at the premises of IFJ PAN at Bronowice started in March 
2011 and will be fully operational at the end of December 2012. In February 2011 an open tender of 
the turnkey installation of the dedicated proton gantry, its housing, medical building and the 
required architecture was announced at the Official Journal of the European Union. The 0-360° 
proton gantry with the 3 mm and 9 mm scanning pencil beams, Patient Positioning System with 
robotic arm, remote positioning will be installed and put in operation in the mid of 2014. 

The construction of the facility is financed from the structural funds of European Union. The 
facility will allow to treat approximately 300-500 patients per year and will offer the training 
possibilities for physicists, medical physicists and technicians and beam for R&D in the field of 
dosimetry, radiobiology and nuclear physics. 
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Human risk assessments at the low doses, and low dose rates and high doses following acute 
exposure to ionizing radiation are of prime importance in radiation protection. These issues are of 
continuing high priorities in respect of social/economic policy relating to the industrial and medical 
uses of ionizing radiation, and for risk assessment among people occupationally are being exposed 
to low and/or high LET radiation, such as astronauts, pilots, stewardess and nuclear power plant 
workers, as well as victims of radiation accidents. 

Consequently, several biological assays were developed and attempts were made to investigate 
formation of radiation induced chromosome aberrations and induction of genomic instability in 
human lymphocytes and fibroblasts. Fluorescence in situ hybridization (FISH) technique using 
chromosome, chromosome-arm, chromosome region, centromere and telomere specific DNA 
libraries has improved the resolution of detecting all classes of radiation induced chromosomal 
inter- and intra-changes. Consequently, has increased significantly the accuracy and detection limit 
of biological dosimetry. 

Newly obtained data indicate that: 
- Premature chromosome condensation assay (cell fusion) is a unique method to be used for 

immediate dose assessment at low (5cGy) as well as high doses (>3 Gy) and can accurately 
discriminate between whole- and partial-body exposure in cases of mass casualties and 
accidental over-exposure to high doses of ionizing radiation. 

- The issue of low doses has been further investigated in the range of 10 up to 100 mGy, and 
dose response curve is found to be supra-linear. 

- Chemically induced PCC assay has the potential to be applied for biological dosimetry (by 
analyzing ring-chromosomes) in cases of high doses (>4 Gy). This assay has been further 
validated in combination with M-FISH to assess genomic instability of primary tumours. 

- FISH-based translocation assay has the ability to assess acute as well as chronic exposure in 
cases of accidental as well as occupational exposure to ionizing radiation, either immediately 
following exposure, or retrospectively by defining accumulative effects to red bone 
marrows. 

- There are distinct finger-prints (such as insertions and complex translocations) for high LET 
radiation in comparison to low LET radiation. 
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The aim of our human monitoring studies performed on subjects from various cities and 
countries was to investigate if emergency or occupational exposures to genotoxic agents can cause a 
detectable health risk. Exposures to ionizing radiation, pesticides, mercury ions, benzene related 
compounds have significantly elevated levels of cytogenetic damage. The 25 years follow up 
studies revealed significantly increased risk of cancer in the group of subjects characterized by the 
highest levels of the detected chromosomal damage. Results of DNA repair competence assay, with 
a use of challenging dose of X-rays and the detection of induced DNA damage by the SCGE assay, 
have correlated to levels of induced chromosome damage. Results from studies on the influence of 
occupational exposure to PAHs on the repair of DNA damage induced by radiation, have shown a 
strong variability between donors and significant decrease of the DNA repair efficiency in exposed 
subjects, that was strongly differentiated between groups stratified first according to various 
genotypes for genes, encoding enzymes involved in the process of bio-transformation 
(CYPlAl(Ile/Val), GSTM1, NAT2) or DNA repair (EPHX4 or XRCC1) (Cebulska-Wasilewska et al. 
2007) and then to levels of exposures. Results of our studies have also shown the higher levels of 
chromosome aberrations frequencies and associated significant reduction of cellular repair efficacy, 
that were observed in a various groups of cancer patients when compared to healthy subjects. 
Presented results point towards the DNA repair competence biomarker as well as ontogenetic or 
exogenous factors which via alteration of the DNA repair processes can rise levels of chromosome 
aberrations and result in increased health risk, that knowledge might be key factor in the ranking list 
for stratification of the population at risk of mass casualty. 
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Exposure of humans to various (including IR) genotoxins can adversely affect their offspring. 
For example, smoking fathers appear to give rise to tumours in the F1 generation, produce babies 
with reduced birth weights, and there is some debate about the effects of radiation in man. Using 
rodent models, congenital malformations can be studied after exposure of males in an extended 
dominant lethal assay and congenital malformations can be determined which have similar 
manifestations in humans. The foetuses can also be investigated for skeletal malformations and 
litters can be allowed to develop to adulthood when tumours if present can be observed. 
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A proton radiotherapy facility was developed at the Institute of Nuclear Physics of the Polish 
Academy of Sciences (IFJ PAN) in Krakow, Poland. The 60 MeV proton beam is accelerated using 
the AIC-144 isochronous cyclotron of IFJ PAN and is applied to ocular proton radiotherapy. This 
facility is the first proton radiotherapy beam in Poland, satisfying national needs of ocular 
melanoma therapy. The clinical use of proton radiotherapy requires that physical dosimetry 
procedures be standardized and the relative biological efficiency (RBE) of the clinical beam be 
assessed. 

To evaluate the RBE for pristine or modulated proton beams (within c. 28 mm) relative to 
standard 6 MV X-rays, we have determined in vitro dose-survival curves for three cell lines of 
human normal fibroblasts gathered from three patients with cervix cancer. Skin fibroblasts were 
chosen as they may represent target cells of late responding tissue (fibrosis). Exponentially growing 
cells were irradiated either at the maximum of the Bragg peak of the pristine beam or within the 
spread-out Bragg peak, at three depths corresponding to 2mm, 15mm and 27mm of water equivalent 
depth. The proton range defined as 90% of the distal fall off the Bragg peak, was measured at 
28.2mm. At each position clonogenic survival of the irradiated cells was assessed over doses 
ranging between 1Gy and 10Gy. Each experiment was repeated three to seven times. Cell survival 
data were fitted with the linear-quadratic model and the RBE value determined as the ratio of • 
coefficients (the initial slopes of the survival curves) for the proton survival curve to the reference 
beam survival curve. 

The dependence of RBE on dose, beam depth in the SOBP and patient tissue will be presented. 
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Humans may be exposed to highly energetic charged particle radiation as a result of medical 
treatments, occupational activities or accidental events. In recent years, the increasing presence of 
humans in space and burdgeoning interest in space exploration beyond low Earth orbit has led to a 
large increase in research investigating the biological effects of charged particle radiation typical of 
that encountered in the space radiation environment. On Earth, the expanding use of proton and 
carbon ion-based hadron therapy has intensified efforts to optimize the cost and treatment benefits 
of these improved radiotherapy modalities. As yet, long term risks of developing secondary cancers 
as potential late effects of charged particle exposure is poorly understood. The study of the effects 
of these types of radiation qualities in terms of DNA damage induction and repair is fundamental to 
understand mechanisms both underlying their greater biological effectiveness for tumor control as 
well as risks of developing late secondary health effects such as carcinogenesis, degenerative 
diseases and premature aging. 

Charged particle radiation induces a variety of DNA alterations, including bistranded clustered 
damages, defined as two or more closely-opposed strand breaks, oxidized bases or abasic sites 
within a few helical turns. The presence of such highly complex DNA damage in irradiated cells 
enhances the probability of incorrect or incomplete repair and thus probably constitutes greater 
potential for genomic instability, cell death and transformation. Our previous results using 
megabase-scale genomic analyses indicates higher efficiency per particle to induce clustered DNA 
damages as a function of increasing linear energy transfer (LET). Also, we have shown that yields 
of double strand breaks (DSBs) and non-DSBs clusters vary with radiation quality. 

To study the spectrum of clustered DNA damages induced by charged particle radiations used in 
hadron radiotherapy, we determined the yields of DSBs and non-DSBs clusters using clinically-
relevant radiation species and energies. Yeast DNA samples were irradiated in radioquenching 
conditions at the NASA Space Radiation Laboratory at Brookhaven National Laboratory with 
accelerated particle beams of different atomic number: protons (Z=1), carbon (Z=6), oxygen (Z=8) 
and silicon (Z=l4). Frequencies of clustered DNA damages - DSBs, abasic site and oxypurine 
clusters - were determined using gel electrophoresis, electronic imaging and number average length 
analysis. Our results showed the DNA damage spectra varies with LET due to the relative increase 
of the ratio of yields of DSBs to non-DSBs clusters, suggesting the involvement of multiple 
mechanisms in the formation of the different types of clustered damages as a function of the 
particular species' nanometer-scale track structure of energy deposition. 

This work was performed under the auspices of the U.S. DOE by BNL under contract DE-AC02-
98CH10886, supported by grant BO-086 from the DOE Low Dose Radiation Research Program and 
grant NNJ07HC73I from NASA. 

*In memory of B.M. Sutherland 
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To create a generalized mechanistic model of DNA damage in human cells that will generate 
analytical and image data corresponding to experimentally observed DNA damage foci and will 
help to improve the experimental foci yields by simulating spatial foci patterns and resolving 
problems with quantitative image analysis. 

The analysis of patterns of RIFs (radiation-induced foci) produced by low- and high-LET (linear 
energy transfer) radiation was conducted by using a Monte Carlo model that combines the heavy ion 
track structure with characteristics of the human genome on the level of chromosomes. The foci 
patterns were also simulated in the maximum projection plane for flat nuclei. Some data analysis 
was done with the help of image segmentation software that identifies individual classes of RIFs 
and colocolized RIFs, which is of importance to some experimental assays that assign DNA damage 
a dual phosphorescent signal. 

The model predicts the spatial and genomic distributions of DNA DSBs (double strand breaks) 
and associated RIFs in a human cell nucleus for a particular dose of either low- or high-LET 
radiation. We used the model to do analyses for different irradiation scenarios. In the beam-parallel-
to-the-disk-of-a-flattened-nucleus scenario we found that the foci appeared to be merged due to their 
high density, while, in the perpendicular-beam scenario, the foci appeared as one bright spot per hit. 
The statistics and spatial distribution of regions of densely arranged foci, termed DNA foci chains, 
were predicted numerically using this model. Another analysis was done to evaluate the number of 
ion hits per nucleus, which were visible from streaks of closely located foci. In another analysis, our 
image segmentaiton software determined foci yields directly from images with single-class or 
colocolized foci. 

We showed that DSB clustering needs to be taken into account to determine the true DNA 
damage foci yield, which helps to determine the DSB yield. Using the model analysis, a researcher 
can refine the DSB yield per nucleus per particle. We showed that purely geometric artifacts, 
present in the experimental images, can be analytically resolved with the model, and that the 
quantization of track hits and DSB yields can be provided to the experimentalists who use 
enumeration of radiation-induced foci in immunofluorescence experiments using proteins that 
detect DNA damage. An automated image segmentaiton software can prove useful in a faster and 
more precise object counting for colocolized foci images. 
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Recently has increased risks of exposures to radiation by either accidental causes or as part of a 
therapeutic regiment. In the response to ionizing radiation XRCC3 gene is involved in efficient 
repair of DNA breaks through recombination, whereas XRCCl is engaged in the repair of base 
damage (BER) induced by X radiation. 

Few information is available on combinations of XRCCl and XRCC3 allelic variants with 
biomarkers of cancer risk. Therefore we investigating the association between effect of these 
variants with biomarkers levels detected in the response to challenging dose of ionizing radiation. 

For preliminary study fifteen persons were chosen from previously investigated by us groups: 
healthy control, prostate cancer patients, and thyroid disease patients exposed to low (diagnostic) 
and later on, high (therapeutic) dose of the I-131. Lymphocytes from each person were exposed to 
2Gy of X-rays and several biomarkers were studied including DNA repair competence assay and 
chromosomal damage with classic and FISH techniques as early predictors of cancer. The XRCCl, 
and XRCC3 genotypes were investigated using PCR method. 

In the thyroid patient group 60 % of individuals were detected as homozygous in XRCC3-241C, 
40% were heterozygous, 60% of that group was homozygous at XRCC1-194C while 40% was 
heterozygous. The 20% of patients were homozygous in 399 A locus, 40% in 399-G, and 40% were 
heterozygous. In the prostate cancer group, 20% of individuals were detected homozygous in 
XRCC3-241C locus, 20% in XRCC3-241T, 60% were heterozygous, in the XRCC1-194C locus all 
patients were homozygous, 40% was homozygous in XRCC1-A, the same in XRCC1-G locus and 
only 20% were heterozygous, all differed notably to control. One of the highest percent of no 
repaired DNA damage detected by the DNA RCA and frequency of chromosome aberration, as well 
as translocations frequency in chromosome 1 were detected in lymphocytes of prostate cancer 
patient with homozygous genotype at XRCC3-241/C and XRCC1-194/C, and heterozygous at 
XRCC1-A/G locus. 

Preliminary results confirm strong influence of genotypes on the repair efficiency of DNA 
damage induced by IR and stepped up levels of biomarkers, the predictor of cancer risk . 

Acknowledgments: 
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46 

mailto:monika.zazula@dolinabiotechnologiczna.pl
mailto:b7wasile@cyf-kr.edu.pl


Poster presentations P-10 

RESPONSE TO THE CHALLENGING DOSE OF X-RAYS 
IN LYMPHOCYTES OF PATIENTS AFTER LOW AND HIGH DOSE 

OF IODINE -131 

A. Cebulska-Wasilewska1, J. Gąsiorkiewicz1, J. Miszczyk1, A. Stępień2, 
J. Pawlus2, M. Krzysiek1, A. Panek1 

1 The Henryk Niewodniczański Institute of Nuclear Physics Polish Academy of Sciences, 
Radzikowskiego 152,31-342 Kraków, Poland 

2 5th Military Hospital & Public Polyclinic, Krakow 

E-mail: b7wasile@cyf-kr.edu.pl 

Iodine-131 is used in nuclear medicine both diagnostically and therapeutically. Internal exposure 
to radioiodine can lead to cellular DNA damage not only in thyroid cells but also in peripheral blood 
lymphocytes. The aim of our study is to investigate the influence of the the therapeutic treatment 
exposure to 131Iodine on cellular DNA repair efficiency and to estimate potential side effects that 
could enhance a health risk. For that purpose in lymphocytes from patients undergoing diagnosis or 
treatment with radioiodine is investigated the sensitivity to ionizing radiation and repair rate of 
induced DNA damage on molecular and cellular levels and compared to matched control. For 
standardization procedure dose response curves in the range of doses between 0.5 - 4.0 Gy were 
evaluated with the DNA repair competence assay, classic cytogenetics with chromosome 
aberrations analysis in the first confirmed mitosis, sister chromatid exchanges in the second, and 
molecular cytogenetics with FISH technique. Here we present preliminary results from studies on 
the first group of 14 thyroid patients before and 5 weeks after treatment with 131I, and 12 healthy 
persons as a control. Results of the response to challenging dose of X-rays revealed significant 
differences between radiosensitivity of cells after low (diagnostic) dose of I-131 compared to 
radiosensitivity observed after high (therapeutic) dose. Observed differences in variability between 
DNA repair rates evaluated for patients treated with 131Iodine and matched control is presented. The 
good correlation between obtained dose response relationships and various biomarkers is shown. 
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In case of accidental mass exposure to ionising radiation there is a strong needs to estimate 
possible effects on population in a very short time. It seems that it would be beneficial to establish 
the method that would allow rapidly to screen and stratify their radiated population in order to find 
individuals at the highest risk for biological retrospective dosimetry with chromosome aberrations 
(CA) technique. 

The aim of presented study was to find out whether the DNA repair competence test with the 
application of SCGE (single cell gel electrophoresis) technique, known also as the Comet Assay, 
and X-ray challenging dose can be used for biological dosimetry purposes. 

To simulate in vitro a potential accidental exposure' conditions, blood samples and isolated 
lymphocytes, were irradiated with various doses from 0 to 4 Gy of X-rays. Then blood samples 
underwent culturing for classic (CA) and molecular (FISH) cytogenetic procedures, while isolated 
lymphocytes after 1 hr of incubation, were irradiated another time with a challenging dose of 2 Gy. 
The DNA damage was detected with the alkaline version of comet assay before, then immediately 
after first and second irradiations and subsequently again after period allowing cells to proceed with 
fast DNA damage repair (40 min of incubation). 

There was a linear-quadratic dose-response curve (R2 = 0,99 and R2 = 0,99 for TDNA and TM 
parameters respectively) after the first irradiation. DNA damage detected by Comet parameters 
revealed a linear correlation with frequency of the stable (translocations by FISH) and unstable 
chromosome aberrations (CA) (R2 = 0,92 and R2 = 0,91 for TDNA and TM respectively). Linear-
quadratic relationship was also obtained after additional challenging dose (R2 = 0,98 and R2 = 0,99 
for TDNA and TM respectively). To estimate the DNA damage repair, we also investigated the 
residual DNA damage (RD) after various doses of radiation. There was a linear-quadratic 
relationship between RD and applied doses (R2 = 0,91 and R2 = 0,90 for TDNA and TM 
respectively) and linear correlation between frequencies of the unstable chromosome aberrations 
(dicentrics and rings) (R2 = 0,88 and R2 = 0,81 for TDNA and TM respectively). 

Obtained results revealed a high association between results of the DNA repair competence assay 
and molecular and classic cytogenetic biomarkers of cancer risk, that confirm a possible application 
for biological dosimetry as a rapid bioindicator, that could be applied to identify the most exposed 
members in the population at risk. 
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Several techniques with different sensitivity to single-strand breaks and/or double strand breaks 
were applied to detect DNA breaks generated by low or high LET particles. Tests that assess DNA 
damage in single cells might be the appropriate tool to estimate damage induced by therapeutic ion 
beam, facilitating the assessment of heterogenity of damage in a cell population. Classic cytogenetic 
and the single gel electrophoresis (comet) assay are sensitive methods for measuring DNA damage 
on the cellular and molecular levels in single cells. 

The objective of this work was to evaluate the proficiency of the therapeutic proton beam from 
AIC-144 isochronous cyclotron in the induction of the DNA damage in irradiated human peripheral 
blood lymphocytes detected with classic and molecular cytogenetic and comet assay and compared 
to X- rays. 

Irradiations of human peripheral blood samples or isolated lymphocytes with various doses (0 -
2.5 Gy) of X-rays or protons were performed at the Institute of Nuclear Physics' AIC-144 cyclotron 
and X-rays facilities. Classic and molecular cytogenetic on the cellular level and DNA repair 
competence with the alkaline version of the single cell gel electrophoresis (comet assay) on the 
molecular level were applied. For the purpose of this presentation results obtained with classic (MN 
frequency) and molecular (translocation frequency by FISH) cytogenetic assays are compared to 
comet assay results obtained from comets that were quantified by the Gedik' method. 

Maximal values for the relative biological effectiveness (protons/X-rays) were evaluated on the 
base of the linear part of the dose-effects relationships. RBE equal 1.17 was obtained with FISH 
techniques for translocation in chromosome 1 frequency, and 1.15 for all types of aberrations 
detected (translocations, deletion and insertions). Results of studies with classic cytogenetic 
procedure based on measures of frequency of micronuclei (MN assay) in the binucleated cells the 
RBE was found in the range (1.28-3.33) depending on the type of the biological effect detected. 
The highest RBE value (3.33) was found for percentage of binucleated cells. The RBE for 
percentage of binucleated cells with one, two or three micronucleus is decreasing respectively (1.47, 
1.37, 1.28, the average 1.41). RBE value equal to 2.49 was obtained from results for the percentage 
of DNA damage induced and detected by single cell gel electrophoresis assay (comet assay). 
Kinetics of the DNA damage repair induced by protons show similar shape for the doses 1 and 3.5 
Gy. 

In general, results are in an agreement with reported RBE values, although, they suggest that 
biological effectiveness of protons may be dependent on biological end points, we are interested in. 
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The aim of this study was to investigate the effect of pre-treatment with 1 -methylnicotinamide 
chloride (MNACl) on radiation-induced DNA damage levels as well as kinetics of DNA repair in 
lymphocytes of cerebral stroke patients. Studies were done on lymphocytes from 2 people with 
ischemic stroke (code 56 and 58) and one person with haemorrhagic stroke (code 57), who were the 
patients of 5th Military Hospital & Public Polyclinic in Krakow. To detect the DNA damage, the 
alkaline version of the single cell gel electrophoresis (SCGE) was applied. For both patients with 
ischemic stroke, in MNA+ pre-treated lymphocytes, which then were exposed to 4 Gy dose of 
X-rays, statistically significant decrease of cellular radiosensitivity was observed in comparison to 
the irradiated cells. In contrast, in the patient with haemorrhagic stroke, there was no difference in 
radiosensitivity. To assess the influence of the pre-treatment with MNA+ on the DNA repair 
competency, the repair kinetics (0-1h) was studied in the GO cells in presence or absence of 
investigated compound for both patients with ischemic stroke. The kinetics of radiation induced 
DNA damage repair were the slowest in lymphocytes pre-treated with MNA+ (tT-DNA (1/2) = 8.56 
for p56 and tT-DNA(1/2) = 7.01 for p58) in comparison to chemically untreated cells (tT-
DNA(1/2)= 2.68 min for both patients). However, the observed kinetics show much better 
effectiveness of repair, as most of the DNA damage was repaired (RDT-DNA= 43.4 for p56 and 
37.4 in MNA+ pre-treated lymphocytes in comparison to chemically untreated cells RDT-DNA= 
48.5 and 53.6 respectively). Our results suggest the positive effect of 1-methylnicotinamide on 
radiosensitivity and DNA repair in lymphocytes of patients with ischemic stroke. 
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The progeny of development in science and equipment, particle therapy, is a new precision 
method for cancer treatment. LET and RBE of particles are main factors that relationship between 
them as radiobiological models will determine cancer treatment and normal tissue biological effects. 
Local effect model and Microdosimetric kinetic model are well known models to predict treatment 
outcomes, but these models have some deficiencies that restrict their use. Monte Carlo simulations 
also cannot accurately predict the biological response. In addition, interactions of particles (charged 
or neutral) with biological systems are so complex and dosimetry and determination of biological 
effects of their products (nuclear reaction, fission products) is very difficult. Furthermore, 
radiobiological modeling for antimatter as possible future modality in cancer therapy, will discuss 
its own. So, this is the best time to collect and exam more and more experimental and empirical 
data, advanced simulation techniques in particular for each particle separately, development of new 
mathematical and statistical models for predict dose-response curve shape, more endpoint 
evaluation, development of radiobiological modeling software, more study on fractionation, cell 
cycle, cell radiosensitivity, invivo radiobiological R's evaluation and long term invitro studies. 
Particle therapy will be the best multimodality method for cancer treatment by much radiobiological 
research and study. 
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Radiotherapy is one of the powerful therapeutic approaches and it provides positive effects even 
when other methods of the influence on the oncological process are practically inefficient. However, 
there always exists the risk of secondary cancers and secondary ohcohematological diseases. Prompt 
detection of radiotherapy negative influence on the organs and systems of the organism can prevent 
the emersion of secondary ohcohematological consequences of the treatment. 

Among the methods, which allow the evaluation of malignancy of radiation influence on the 
cells of the organism, cultural methods hold special place. Particularly popular are the methods of 
hematopoietic stem and progenitor cells cultivation in semi-solid agar in vitro. 

Investigation of hematopoietic precursors is important due to the fact that hematopoietic system 
is the most sensitive to the radiation exposure. Hence, the assessment of hematopoietic system state 
can provide objective data about the level of hazardous influence of the radiotherapy on the 
organism. 

To evaluate the risk of radiotherapy influence on hematopoietic progenitor cells we used cell 
cultures, in which bone marrow hematopoietic cells of the patients, that were treated using ionizing 
radiation, were cultivated during 14 days. It was shown, that the effect of the treatment performed is 
obvious. Analysis of the obtained data revealed alterations in the number of colonies-clones in cell 
culture under radiation exposure. Besides, it was shown that for risk assessment of secondary 
mutations it is important to determine not only the number of colonies, but also the qualitative 
consistency of the cells in clone. Thus, the presence of qualitative changes in cells and preferential 
growth of proliferating cells, comparing to maturing and mature ones, was unfavourable mark and 
the basis for correction of radiotherapeutic strategy. 
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The damage caused in cellular structures due to the irradiation with ions is determined by both 
the total dose and the spatial energy deposition patterns. For both cancer therapy with ions (hadron 
therapy) and space radiation environments, the spatial energy deposition patterns of the radiation 
fields are of importance for quantifying the resulting radiation damage in biological structures. The 
Monte Carlo particle transport code FLUKA is used to simulate complex radiation fields for hadron 
therapy (Parodi et al, 2009) and space applications (Ballarini et al, 2006). For these applications, the 
accuracy of the FLUKA physics models has to be evaluated. Microdosimetric measurements with 
tissue-equivalent proportional counters (TEPC) provide an approach to characterize the radiation 
field produced by ions, complementary to the description by particle fluences, by measuring the 
energy deposition in volumes resembling microns of tissue. In the present work, the capability of 
FLUKA in predicting TEPC measurements is investigated for a wide range of ion species and 
energies relevant for hadron therapy and space applications (atomic numbers ranging from 1 to 26 
and energies from 80MeV/n up to 1000MeV/n) by comparing the distributions of the imparted 
energy, the frequency and the dose mean lineal energy. TEPC measurements with a single ion 
species at a well-known energy incident on the TEPC are used for the comparison. In addition, 
FLUKA predictions of radial dose distributions of ions and FLUKA calculations of the TEPC 
response to ions as a function of the impact parameter on the TEPC are presented in comparison 
with measurements. The comparisons allow to investigate the importance of different physics 
processes for the TEPC response. It is found that FLUKA can simulate energy deposition patterns 
of ions in TEPC cavities accurately and that it describes the main features of the spectra well. Radial 
dose profiles of low-Z ions simulated with FLUKA were found to be accurate up to a sub-|im level. 
FLUKA simulations of TEPC measurements of carbon ion beams inside phantoms show that 
FLUKA is also able to predict fairly accurately the lineal energy component due to secondary 
charged fragments. The study demonstrates to what extend and with which physics configuration 
FLUKA can be used to predict energy imparted in microscopic scales by ions, for instance for 
biological calculations based on microdosimetric quantities for ions or to assist with the design of 
future microdosimeters. At the same time, the presented comparisons are a sensitive benchmark for 
the FLUKA physics models. 

References : 
Ballarini, F et al.; 2006 Adv. in Space Res. 37 , 1791-1797 
Parodi, K; Brons, S; Cerutti, F; Ferrari, A; Mairani, A; Paganetti, H; Sommerer, F; 2009 Proceed. 12th Int. 
Conf. on Nucl. Reac. Mechan., Varenna, Italy, 15th-19th June, book of proceedings, available at 
http://cdsweb.cern.ch/record/1238366/files/p509.pdf 

53 

mailto:Till.Tobias.Boehlen@cern.ch
http://cdsweb.cern.ch/record/1238366/files/p509.pdf


Poster presentations P-10 

APPLICABILITY OF EPR/ALANINE DOSIMETRY SYSTEM FOR 
RADIOTHERAPEUTIC PROTON BEAMS - PRELIMINARY RESULTS 

B. Michalec1. G. Mierzwińska1, U. Sowa1, T. Nowak1 

1 The Henryk Niewodniczański Institute of Nuclear Physics Polish Academy of Sciences, 
Radzikowskiego 152,31-342 Kraków, Poland 

E-mail: Barbara.Michalec@ifj.edu.pl 

The Electron Paramagnetic Resonance spectrometry (EPR) of the amino acid L-a alanine CH3-
CH(NH2)-COOH used as a radiation sensitive material has been known as a dosimetry method for 
over 40 years. It has been applied mainly for high dose measurements in food preservation and 
medical equipment sterilization (Bradshaw et al, 1962 and Regulla et al, 1982). In the last years 
EPR/alanine dosimetry has gained attention as a potential tool for proton and ion dosimetry in 
radiotherapy because it is characterized by a composition quite similar to that of a tissue, linear 
response to dose and high sensitivity to dose therapy levels (Onori et al, 2006). 

Nowadays, the clinical proton dosimetry is mainly based on active dosimeters, first of all on 
ionization chambers. The extended uncertainty for the primary dosimetry in radiotherapy should not 
exceed 5% which is extremely difficult to fulfill for a passive dosimeters. These, less precise, types 
of dosimeters are then broadly used for the quality control of the therapeutic beams. Among them 
alanine, as the less LET dependent, is considered as one of the most promising passive dosimeters, 
however implementation of the EPR/alanine spectrometry as a tool for proton dosimetry requires 
the precise examination and assessment of alanine efficiency for particular BP regions of the 
variable LET values as well as taking into consideration other factors affecting the dose estimation 
characteristic for the given facility and read out system. 

The Institute of Nuclear Physics Polish Academy of Sciences (IFJ PAN) carries out a project 
EPR/alanine dosimetry for radioterapeutic ion beams, realized in the frames of PARENT-BRIDGE 
Programme introduced by the Foundation for Polish Science. Its general objective is developing 
methods and procedures, based on EPR spectrometry of alanine, for dosimetry of radiotherapy ion 
beams, particularly for proton beams operating at IFJ PAN; namely 60 MeV proton beam from 
AIC-144 cyclotron delivered to the facility for ocular tumor irradiation as well as for 235 MeV 
proton beam from Proteus 235, which will be available at Cyclotron Center Bronowice since 2013. 
The paper will show the preliminary results of this work - proton and Co-60 dose response, dose 
response of alanine in modulated beam (spread out Bragg peak region) and alanine relative 
effectiveness to protons with respect to Co-60 . 
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Proton therapy has shown promise in treating several kinds of cancer. Studies have suggested 
that proton therapy may cause fewer side effects than traditional radiation, since doctors can better 
control where the proton beams deposit their energy. But nevertheless the proton therapy is still 
developing technology and needs to be improved. The researchers are working to decrease the 
radiation exposure and reduce patient scanning time and the occurrence of secondary tumors. 
We suppose that the total quality of the proton therapy could be essentially improved by adding an 
electromagnetic radio frequency component to the proton beams. The most important parameter of 
the EM radiation is its frequency. It was shown earlier that some of the frequencies can influence 
very strongly on the state of protons (Shalatonin, 2008). The recognized frequencies with such 
properties we called as informational ones. Even at the relatively slight intensity of the EM radiation 
having informational frequency, an internal structure of every proton makes a transition from the 
normal to the exited long-term state. The exited states of protons were defined indirectly by using 
distilled water samples. It is well-known that water has a very high concentration of the protons and 
because of that it used in nuclear reactors in order to protect people from harmful neutron radiation. 
It was shown that a usual multi-layered standing-wave magnetic structure surrounding the water 
samples, previously exposed to the radio frequency EM radiation had an ordered three-layered 
structure when the EM radiation at informational frequency (f = 386.4 MHz) was used (Shalatonin, 
2008). This structure resembles very much a three-layered charge structure of protons which was 
discovered recently (Miller, Arrington, 2008). It is supposed that the three-layered magnetic 
structures of the water samples are the result of the collective and coherent microscopic phenomena 
involving many nucleus. In other words, water has the macroscopic quantum properties that 
correspond to the stable charge structure of the nucleus and so can give rise to the long-term effects 
(Shalatonin, Mishchenko, 2010). 

There is currently not enough evidence to recommend the use of the proposed technology 
practically. But we believe that there is enough evidence for researchers' to begin with evaluating 
effectiveness of the proposed cancer treatment. In 1920, well-known scientist George Lakhovsky in 
his book "The Secret of Life" wrote, "What is life? It is the dynamic equilibrium of all cells, the 
harmony of multiple radiations which react upon one another. What is disease? It is the oscillatory 
disequilibrium of cells." We hope that the adding of the informational EM radiation to the proton 
beams helps doctors to achieve the abovementioned harmony. 
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Proton therapy is a powerful tool in cancer treatment. A number of facilities are operational, 
many are under construction. Most of them use proton beams of 200 MeV and more for the 
treatment of deep-seated tumors. Up to now, the largest group of patients treated with protons had 
uveal melanomas. The tumor control after 5 years is 95% or better. Most of these patients were 
treated at low energy machines like OPTIS at the Paul-Scherrer-Institute in Switzerland, the 
Douglas Cyclotron Unit in Clatterbridge (UK), Nice (France) or the Charité at the Helmholtz-
Zentrum Berlin (former Hahn Meitner-Institut, Berlin, Germany). They have nearly ideal 
parameters for the treatment of ocular lesions namely a sharp penumbra, a sharp distal fall off, and a 
high dose-rate. All newer clinical units using a high-energy proton beam of 200 MeV or more must 
reduce their proton energy to about 70 MeV for eye treatments. The physics implies worse beam 
parameters compared to a 70 MeV proton accelerator. Here, we argue for and sketch the layout of a 
low energy facility. From our experience, an appropriate facility should have the following 
treatment parameters: Effective field size of 40 mm in diameter, penumbra (80% to 20%) of 2.0 mm 
or better, distal fall off of about 1.0 mm, dose rate of at least 20 Gy/min, field symmetry and flatness 
better than 3%, and a simple and robust scattering system. We chose a 70 MeV accelerator with two 
beam lines: one horizontal beam line with a single scattering system for standard eye treatments and 
one vertical beam line, also equipped with a single scattering system for the treatment of special 
cases like retinoblastoma or for radiobiological experiments. The software package PBO-Lab was 
used for the calculation of the beam line optics, the Monte Carlo code MCNPX was used for the 
simulation of the amount of concrete needed to operate in both rooms simultaneously. With a 70 
MeV proton accelerator it is possible to achieve the above mentioned treatment parameters. In 
contrast, an eye beam line at a high energy turn-key facility cannot fulfill all of them at the same 
time. There are compromises necessary: e.g. a trade-off between distal fall off and dose rate, or 
between effective field size and flatness. For example: low energy systems offer steeper dose 
gradients than the high energy systems. This might result in a better clinical outcome for patients 
with tumors at the posterior pole, where the tumor is located near the macula or the papilla: Tumor 
control should be the same for both systems, but visual acuity should be better after a treatment in a 
low energy facility. Besides the new clinical high-energy proton facilities operating or under 
construction, we see a need for low energy facilities. Patients will profit from the optimal beam 
parameters and the sophisticated treatment routines of eye tumors within such a facility. Treating all 
eye patients of a single country in one specific facility would reduce the costs to the national health-
care system. This would lead to benefits for the patients and the community. 
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Three European Framework projects are now under way to foster collaboration between various 
disciplines and countries in order to facilitate the accessibility of hadron radiotherapy to the 
European community. The first one, The European Network for Light Ion Hadron Therapy 
(ENLIGHT), was established in 2002 to coordinate and adapt state-of-the-art techniques in the areas 
of particle accelerators and detectors for the needs of hadron therapy. A major achievement of 
ENLIGHT has been to bring traditionally separate communities of clinicians, physicists, biologists 
and engineers with experience and interest in particle therapy to work together. The ENLIGHT 
community agreed that the goals of the collaboration could be best met by two complementary 
approaches: research in areas needed for highly effective hadron therapy, and networking to 
establish and implement common standards and protocols for treating patients. Under the umbrella 
of ENLIGHT there are currently four European Commission-funded projects; PARTNER, ULICE, 
ENVISION and ENTERVISION, with a total funding of 24 million Euro. All these projects are 
directed towards different aspects of developing, establishing and optimising hadron therapy. The 
Particle Training Network for European Radiotherapy (PARTNER) is a 4-year Marie Curie 
Training project funded by the European Commission which aims at the creating a new generation 
of experts in the field of hadron therapy. Ten Academic Institutes and Research Centres and two 
leading companies participate in this project, forming a unique multidisciplinary and multinational 
European network. PARTNER offers research and training opportunities to 25 young biologists, 
engineers, physicians and physicists and allows them to actively develop modern techniques for 
treating cancer in close collaboration with leading European institutions. For this purpose 
PARTNER relies on cutting-edge research and technology development, effective networking, and 
open access to national facilities as well as on providing access to leading specialists in this field. 
The last project - Union of Light Ion Centres in Europe (ULICE) - is a 4-year project set up by 20 
leading European research organisations, including two leading industrial partners, to respond to the 
need for greater access to hadron therapy facilities for particle therapy research. The project is built 
around three pillars: development of instruments and protocols; increasing cooperation between 
facilities and research communities within the research infrastructure; transnational access. We 
discuss in detail the main goals of these projects. 
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