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Abstract:
Purpose: The ambition of the RADIOTRANSNET network, launched by the INCa at the
end of 2018, is to create a French research consortium dedicated to preclinical
radiotherapy to foster scientific and clinical interactions at the interface of radiotherapy
and radiobiology and to identify research priorities dedicated to innovation in
radiotherapy.
Method: The activities of the network are organized around four major axes that are target
definition, normal tissue, combined treatments and dose modelling. Under the supervision
of the Scientific Council, headed by a coordinator designated by the SFRO and a cocoordinator designated by the SFPM, three leaders coordinate each axis: a radiationoncologist, a medical physicist and a biologist, who are responsible for organizing a
scientific meeting based on the consensus conference methodology to identify priority
issues.
Results: The selected themes will be the basis for the establishment of a strategic
research agenda and a roadmap to help coordinate national basic and translational
research efforts in oncological radiotherapy. This work will be published and will be
transmitted to the funding institutions and bodies with the aim of opening dedicated calls
to finance the necessary human and technical resources.
Conclusion: Structuration of a preclinical research network will allow coordinating the
efforts of all the actors in the field and thus promoting innovation in radiotherapy.
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Abstract:
Purpose: Radiation therapy is a cornerstone of cancer management. Because of the
favorable ballistic of proton beams, proton therapy has proven its clinical effectiveness,
particularly in pediatrics optimizing antitumor efficacy while decreasing treatmentassociated side effects. Recent developments of laser-plasma based particle
accelerators made possible the production of pulsed proton beams with exceptional
parameters in terms of peak dose rate (108 Gy/s) and duration (ns), with great potential
therapeutic applications.
Method: As laser-accelerated beams display a broad energy spectrum and a wide angular
large angular divergence produced by the target normal sheath acceleration (TNSA)
regime, a proper beamline needed to be set up in order to produce clean and controllable
irradiation conditions compatible with radiobiological studies. Beam transport system was
performed to shape and control the proton beam from the multi-terawatt laser SAPHIR.
To provide a wide irradiation surface and uniform dose distribution, a set of four
permanent magnet quadrupoles was used to transport and focus the beam, and efficiently
clean the spectrum. Shot-to-shot dosimetry was also implemented and calibrated for
absolute dose deposition evaluation in the irradiation volume.
Results: Thanks to these improvements, protocols for dose delivery to biological samples
were developed and validated. Laser pulsed-protons exhibit similar efficacy for tumor cell
killing regarding conventional monolayer models. However, exploring the repetition rate
between proton pulses, cell survival was reported, which was dependent on the PARP-1
(poly(ADP-ribose)polymerase 1) protein activity.
Conclusion: This innovative way to accelerate particles opens new perspective for laseraccelerated protons applications in radiotherapy.
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Purpose
Real-time monitoring is still a challenge in hadrontherapy.
With this aim, a Compton telescope prototype (MACACO) has been developed by the
IRIS group at IFIC-Valencia within the European project ENVISION. The second
prototype MACACO II is an upgrade developed with the purpose of enhancing its
performance.
Material and Methods
MACACO II consists of three layers of LaBr 3 monolithic crystals coupled to silicon
photomultiplier (SiPM) arrays. New crystals have been coupled to 8x8 pixel SiPM arrays
from Hamamatsu Photonics (S13361-3050AE-08). Moreover, an improved image
reconstruction code including an accurate model for the sensitivity matrix has been
implemented.
The telescope has been characterized in the laboratory with 22Na and 152Eu sources and
tested in two accelerator centres. The first test took place at CNA (Sevilla) with a 18
MeV proton beam impinging on a graphite target in order to produce 4.4 MeV gamma
rays. A second test was held in KVI-CART (Groningen) with a 150 MeV proton beam
hitting a PMMA target.
Monte Carlo simulations have been carried out with GATE V 7.0.
Results
In the laboratory, the energy resolution has been improved and an angular resolution of
4.6° has been achieved, which together with the improved reconstruction code, have led
to a better image quality. The efficiency measured with two planes in coincidence at
1275 keV is 1.0x10-3. Monte Carlo simulations result in a good correlation with the
experimental parameters.
Regarding the In-beam experiments, two target positions separated by 5 mm have been
reconstructed from the CNA test-beam. Furthermore, KVI-CART test-beam results show
that Bragg distribution correlates to the PMMA position.
Conclusions
MACACO II has shown a better performance than the previous prototype. The testbeam results have demonstrated the ability to reconstruct different positions. Further
improvements are ongoing in order to achieve the required performance for the
application.
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The KVI-Center for Advanced Radiation Technology operates a superconducting cyclotron
that delivers beams of different ions with a variable energy. Protons are available with
energies up to 190 MeV; for ions up to neon the maximum energy is 90 MeV/amu and for still
heavier ions the energy gradually decreases as a function of ion mass.
The beam from the cyclotron are delivered to several experimental stations of which currently
one is dedicated to particle therapy physics and radiation biology experiments. At this
experimental station both passive scattering and pencil beam scanning is available, while
energy modulation to create a spread-out Bragg peak (SOBP) has also been implemented
using either a degrader or a modulator wheel.
A second experimental station for imaged guided preclinical research is currently under
development in a collaboration between KVI-CART and UMCG. At this station 3D X-ray and
bioluminescence imaging will be available at the irradiation position. Various dose delivery
modalities will be available using either passive scattering or pencil beam scanning, including
“shoot through” with high energy particles; SOBP; spatial fractionation (GRID/minibeams). In
addition the capability to deliver very high dose rates beyond 1000 Gy/s is under
development.
In collaboration with the Amsterdam Medical Center we are developing a setup for near realtime studies of DNA-repair using a fluorescence microscope that can be installed in the
beam line. First feasibility experiments have been successful and further work to optimize the
set-up and develop efficient experimental procedures are under way.
Recently the laboratory facilities for preclinical radiation biology have been refurbished and
further extension of these facilities is foreseen.
Access to the infrastructure is supported by the EU through the integrating activities ENSAR2
and INSPIRE and the ESA CORA-IBER programme
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Chondrosarcoma is a malignant tumor that arises from cartilaginous tissue and is
radioresistant and chemoresistant to conventional treatments. The preferred treatment
consists of surgical resection, which might cause severe disabilities for the patient; in
addition, this procedure might be impossible for inoperable locations, such as the skull
base. Carbon ion irradiation (hadron therapy) has been proposed as an alternative
treatment, primarily due to its greater biological effectiveness and improved ballistic
properties compared with conventional radiotherapy with X-rays.
The goal of this study was to characterize the genetic mutations of a grade III
chondrosarcoma cell line (CH2879) and examine the cellular responses to
conventional radiotherapy (X-rays) and hadron therapy (proton and carbon ions) in the
presence of the PARP inhibitor Olaparib.
To better understand PARP inhibition, we first analyzed the formation of poly-ADP
ribose chains by western blot; we observed an increase in its signal after irradiation,
which disappeared on addition of the PARP inhibitor. PARPi enhanced ratio of
approximately 1.3, 1.8, and 1.5 following irradiation of cells with X-rays, protons, and
C-ions, respectively, as detected by clonogenic assay. The decrease in cell survival
was confirmed by proliferation assay. The radiosensitivity of CH2879 cells was
associated with mutations in homologous recombination repair genes, such as RAD50,
SMARCA2 and NBN.
This study demonstrates the capacity of the PARP inhibitor Olaparib to radiosensitize
mutated chondrosarcoma cells to conventional photon irradiation and proton and
carbon ion irradiation.
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HV-CMOS technology is widely regarded as a promising choice for the
instrumentation of future high-energy physics experiments, particularly those,
which require high precision tracking. Many of the advantages of HV-CMOS
technology lie in its ability to be fully monolithic and mass-produced on thin
substrates at a lower cost than other pixel detector technologies. Since proton
therapy beams are typically in the 60 – 230 MeV energy range and involve the
use of high fluences, high precision instrumentation for hadron therapy facilities
have their requirements met by HV-CMOS technology in particular the ability to
be high speed, high resolution and low mass. We will present preliminary
measurements made using the FEI4 pixel sensors developed for the Inner Barrel
Layer of the ATLAS experiment at CERN and the Timepix pixel sensor adapted
for the tracking detector of the LHCb experiment also at CERN. These detectors
were deployed in a water tank at two of The Rutherford Cancer Centres in the
UK operated by Proton Partners International. This facility operates an IBA
ProteusOne synchrocyclotron with beam energy 226 MeV. By scanning our
detectors through a water tank into which the treatment beam is directed,
measurements of the position, direction and energy loss of the treatment beam
as a function of depth are performed. These measurements are being used in the
design and simulation of a new HV-CMOS detector aiming for a fully 3D
measurement of the dose with high accuracy when planning treatments and
carrying out quality assurance and verification of the treatment beams.
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Introduction. The ballistic property of ion beams is a key feature of hadrontherapy.
Online ion range assessment during treatment would make possible to fully exploit this
advantage. In this context, prompt-gamma imaging devices are proposed by the French
CLaRyS collaboration. The originality of the systems is the use of a beam-tagging
hodoscope that would provide temporal and spatial information on the incoming ions. This
hodoscope at first relies on an array of scintillating fibres. To reach higher counting rate
and a Time-Of-Flight (TOF) resolution of 100 ps, the collaboration has recently initiated
the development of a diamond hodoscope.
Material and methods. Diamonds are selected for their very fast response and radiation
hardness. For characterization purposes, pad detectors made of Chemical Vapor
Deposition single-crystal (sCVD) and polycrystalline (pCVD) diamonds as well as
Diamonds grown On Iridium (DOI) were built. Then, to satisfy the position-sensitive
criterion in the hodoscope prototyping, double-side stripped demonstrators were
designed and assembled with custom discrete current preamplifiers. Both pad and strip
detectors were characterized under various irradiation conditions.
Results. At GANIL, a 18 ps RMS TOF resolution was obtained between a sCVD and a
DOI pad detectors with 95 MeV/u 12C ions. The same two detectors exhibit a 94 ps RMS
TOF resolution when tested with 68 MeV protons in ARRONAX. Single 68 MeV proton
detection efficiency was evaluated with two 1 cm² pad detectors: one pCVD and one DOI.
The obtained results showed that the pCVD sample outperformed the DOI one. Finally,
stripped sensors were tested with a 8.5 keV pulsed X-Ray micro-beam at ESRF. A 100%
detection efficiency and a 103 ps RMS time resolution were measured with the pCVD
sample.
Conclusion. The present results encourage the development of a larger area prototype
made of four diamonds read by a dedicated and integrated fast readout electronics
currently developed at LPSC.
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Purpose: The National Center of Oncological Hadrontherapy (CNAO) has applied dose
constraints for carbon ion RT (CIRT) as defined by Japan’s National Institute of
Radiobiological Sciences (NIRS), even though these institutions apply different models
to predict the relative biological effectiveness (RBE). CNAO applies the Local effect
model I (RBELEM), which in most clinical situations predicts higher RBE than NIRS’s
model (RBENIRS). Equal constraints therefore become more restrictive at CNAO.
Brainstem constraints were recently validated for RBENIRS-weighted dose (DNIRS),
showing that the former maximum point dose constraint of DNIRS<30 Gy(RBE) could be
relaxed to DNIRS | 0.7cc <30 Gy(RBE) and DNIRS | 0.1cc <40 Gy(RBE). The aim of this work
was to update CNAO’s DLEM constraints accordingly.
Material and methods: We selected 30 representative patient treatment plans from
CNAO and reproduced the absorbed dose distribution. Subsequently we calculated
both DLEM and DNIRS, and the relationship between DNIRS and DLEM for various brainstem
dose metrics was analysed. A quadratic regression model was fitted to the data
enabling prediction of the DNIRS/DLEM relationship for dose levels outside the range of
our data.
Results: The recalculation of CNAO plans to DNIRS confirmed that the former CNAO
constraints were too conservative compared to DNIRS constraints. The dose translation
method revealed that the validated DNIRS constraints corresponded to DLEM | 0.7cc <41
Gy(RBE) (95%CI: 38-44 Gy[RBE]) and DLEM | 0.1cc <49 Gy(RBE) (95%CI: 46-52
Gy[RBE]).
Conclusions: Our study demonstrates the feasibility of translating constraints between
RBE-systems. Due to uncertainties in the method, new brainstem constraints at CNAO
are based on the lower bound of the 95%CI of the translation estimates, i.e. DLEM | 0.7cc
<38 Gy(RBE) and DLEM | 0.1cc <46 Gy(RBE). This work highlights the value of RBEweighted dose recalculation. Future CIRT papers should report outcome in both DNIRS
and DLEM.
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Purpose: In the context of glioblastoma (GB), macrophages (MΦ) represent the most
abundant population of Inflammatory cells (Lapa et al. 2015). Following their original
M0MΦ state, these MΦ can then be polarized into two further phenotypes: the antitumor
M1MΦ, and the protumor M2MΦ. The three phenotypes can reside simultaneously in
the tumor mass but various external factors may influence MΦ polarization. For instance,
we observed that hypoxia, well pronounced in GB favors the acquisition of the M2
phenotype.
Radiotherapy (RT) is part of the treatment for GB and various studies demonstrated that
the type of RT and the energy could have differential impact on MΦ. This study aimed to
study the effects of X-Rays and Carbon ions on macrophages cell death.
Materials: Bone marrow derived MΦ were prepared from mice. M1 and M2 polarization
was induced using LPS/IFNγ or IL4 as described (Leblond et al., 2017). MΦ were
irradiated using increasing doses of either X-Rays (XRad 225 Cx, Cyceron biomedical
imaging platform) or 95 MeV/u 12C beam (GANIL, Caen). Cell death was evaluated using
crystal violet 24 hours following irradiation.
Results: We observed that RT with X-Rays favors the presence of M2MΦ by inducing a
preferential M0 and M1MΦ cell death (Leblond et al., 2017). Surprisingly, our experiment
with Carbon ions on MΦ cultures showed a decrease in M0 and M2MΦ number and no
impact on M1MΦ number. Quantitative analysis of crystal violet corroborates M0 and M2
MΦ viability decrease.
Conclusion: This preliminary experiment with 12C seems encouraging to modulate
inflammation in glioblastoma according to irradiation. M1MΦ appear less sensitive to
Carbon ion than X-Rays, opening the avenue for a pro-inflammatory anti-tumor reaction
mediated by MΦ.
Acknowledgements: Région Normandie, Ligue contre le Cancer, GANIL, HABIONOR,
ARCHADE, Fédération pour la Recherche sur le Cerveau (FRC), INCa (INCA-11699).
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Purpose: In the context of glioblastoma (GB), macrophages (MΦ) represent the most
abundant population of reactive cells (Lapa et al. 2015). Following their original M0 MΦ
state, these MΦ can then be polarized into two further phenotypes: the antitumor M1
MΦ, and the protumor M2 MΦ. The three phenotypes can reside simultaneously in the
tumor mass but various external factors may influence MΦ polarization. For instance, we
observed that hypoxia, well pronounced in GB favors the acquisition of the M2 phenotype.
Radiotherapy (RT) is part of the treatment for GB and various studies demonstrated that
the type of RT and the energy could have differential impact on MΦ. This study aimed to
study the effects of X-Rays and Carbon ions on MΦ cell death.
Materials: Bone marrow-derived MΦ were prepared from mice. M1 and M2 polarizations
were induced using LPS/IFNγ or IL4 respectively, as described (Leblond et al., 2017).
MΦ were irradiated using increasing doses of either X-Rays (XRad 225 Cx, Cyceron
biomedical imaging platform) or Carbon ions (95 MeV/u 12C beam, GANIL). Cell death
was evaluated by quantifying the cell number from Hoechst 33342 staining and also the
cell density using crystal violet staining 1 day following irradiation.
Results: We observed that RT with X-rays favors the presence of M2 MΦ by inducing
preferential M0 and M1 MΦ cell deaths (Leblond et al., 2017). Surprisingly, our
experiment with Carbon ions on MΦ cultures showed a decrease in M0 and M2 MΦ
number but no impact on M1 MΦ number was noticed. Quantitative analysis of crystal
violet corroborates the decrease in M0 and M2 MΦ viability.
Conclusion: This preliminary experiment with 12C seems encouraging to modulate
inflammation in GB according to irradiation. M1 MΦ (i.e. anti-tumoral inflammation)
appear less sensitive to carbon ions than X-rays, opening the avenue for a proinflammatory/anti-tumor reaction mediated by MΦ.
Acknowledgements: Région Normandie, Ligue contre le Cancer, GANIL, ARCHADE,
Fédération pour la Recherche sur le Cerveau (FRC), INCa (INCA-11699), HABIONOR
European project, co-funded by the Normandy County Council, the French State in the
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During the past century, particle accelerators played an essential
role on advancing scientific knowledge and on improving standards
of living. Today, they are being increasingly used not only in research laboratories
but also in hospitals and industry. As accelerator technology develops, the potential
for new applications expands. Such developments are systematically supported by
EU funded projects such as EuCARD2, ARIES, among others. In particular,
the potential of accelerator-reliant therapy and diagnostic techniques increased
considerably over past decades, playing an increasingly important role in identifying
and curing otherwise difficult to treat cancers. With the aim to highlight
benefits from fundamental research for medical applications and cancer
treatment, a new MasterClass on Particle Therapy was developed.
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Chondrosarcoma is a malignant tumor arising from cartilaginous tissues, described as
radiation- and chemo- resistant to conventional treatments. The primary treatment
consists in wide surgical resection, which may lead to severe disabilities; in addition,
this procedure is not feasible for some inoperable locations such as skull base
chondrosarcoma. Carbon-ion irradiation (hadron-therapy) has been successfully used
in the treatment of chondrosarcoma, due notably to a higher biological effectiveness
and a better ballistic as compared with conventional radiotherapy with X-Rays.
The aim of this study was to examine the differential cellular responses of
chondrosarcomas to conventional radiotherapy and hadrontherapy in order to better
understand the biological effects of carbon beams in cancer treatment. Four human
chondrosarcoma cell lines of different grades and displaying differential radiosensitivities, were irradiated with photons (250 kV, 2Gy/min) or carbon ions (95 MeV/A,
LET 33 keV/µm).
As expected, clonogenic assays confirmed the better biological effectiveness of carbon
ion over X-Rays; the survival characteristics of each cell line were calculated from the
corresponding curves. Proliferation was investigated by flow cytometry, measuring cell
cycle recovery following irradiation. Characteristic markers of DNA repair and the time
required by cells to recover from cell cycle arrests were some of the parameters
analyzed in order to understand molecular and cellular pathways which underlined the
capacity of carbon ion to treat chondrosarcoma.
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The gastrointestinal (GI) system is sensitive to direct (DNA damaging) and indirect
(inflammation-associated) effects of ionizing radiation due to the high proliferative capacity of
epithelial stem cells located at the base of intestinal crypts. Irradiation can induce crypt cell
apoptosis, leading to mucosal lesions and loss of epithelial barrier function, which increases
mucosal permeability. This latter induces nutrient and fluid loss, and allows gut pathogen
infiltration. The net effect of these insults is the establishment of a state of chronic mucosal
inflammation, which results in tissue loss and fibrosis. To-date, no studies have reported the
mechanistic effects of heavy particles on the human intestine due to the lack of suitable model
systems.
We have developed a modular, microfluidics-based human “gut-on-a-chip” model (HuMiX)
which allows co-culture of human and microbial cells under conditions representative of the
gastrointestinal human–microbe interface. The presence of microbiome makes it an analog
model to human tissue for radiological studies given the growing evidence that dysbiosis of
intestinal microbiota likely plays a key role in the onset and progression of colorectal cancer.
Importantly, we have shown that current iterations of the HuMiX model accurately
recapitulates in vivo transcriptional, metabolic, and immunological responses in human
intestinal epithelial cells.
Here we report our preliminary dataset from functional studies defining the effects of
simulated mixed particle beams radiation (i.e. 56Fe, 28Si, 16O, 4He and protons) on the human
GI tract using our HuMiX device. The effect of the microbiome ecosytems modulation on
human gut tissue responses was observe, so omics and pathway analyses are ongoing.
Organ-On-Chip devices are valuable for simulating more accurate and individualized human
tissue responses to complex radiation exposure allowing improving therapeutic conditions for
more precise, safer and individualized clinical use.
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To understand the effects of ionizing radiation on biological molecular systems, it is crucial
to control the experimental conditions, especially in terms of temperature and phase.
Irradiation of a solution at room temperature leads to the formation of free radicals from the
solvent (i.e. hydroxyl from water for instance) as main primary products. These species then
chemically react with biomolecules, leading to secondary processes such as bond cleavage,
cross-linking and generally quenching but also enhancement of biological activity.1 All these
indirect effects require diffusion of free radicals from the solvent to the biomolecule, which
occurs at rates that decrease by several orders of magnitude from room to cryogenic
temperatures.2 Therefore, freezing solutions allows studying the direct effects of radiation.
Lyophilized, crystallized or dried samples can also be used. Although it allowed describing
some of the aspects of the structure and stability of biomolecules under irradiation, other
points remain poorly understood.3 These last years, at the CIMAP lab, we have investigated
the structure and stability of isolated collagen mimetic peptides and antibiotic/receptor noncovalent complexes of controlled mass and stoichiometry, by means of home-made
experimental set-ups and through international collaborations. Our main findings are the
following. First, the collagen triple helix exists in the gas phase, and its stability is not due to
solvent.4 Second, interaction with one carbon ion at the Bragg-peak energy or ionizing
photon in the VUV-X range mainly leads to ionization, vibrational energy deposition and
intermolecular followed by intramolecular fragmentation.5,6 Radical-mediated mechanisms
such as loss of neutral molecules from amino acid side chains have been found to play a
big role.7 Our most recent studies suggest that non-covalent interactions underlying
molecular recognition between the antibiotic vancomycin and its receptor are affected in a
very different way depending on pH: indeed, our results show that the protonated complex
does not survive, and fragments mainly via glycosidic bond cleavage, whereas the
deprotonated complex mainly loses CO2 after electron detachment. In a near future, we aim
at probing the radiation-induced denaturation of biomolecular systems by tandem ionmobility spectrometry.
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Experimental evidence shows that, in addition to this direct and targeted effect of
radiation, a side or secondary effect is observed within the un-irradiated area.
Irradiated cells relay a stress signal in the close proximity. Neighboring un-irradiated
cells react to this signal, i.e., BE with a specific “bystander response” (BR),
characteristic of a biological context, but with a close relationship to the biological
response typically associated with direct radiation exposure. Bystander responses and
bystander factors (BF) secreted by irradiated cells were observed and studied in many
physical and biological conditions, in vitro and in vivo.
In the present study, we investigated the capacity of chondrocytes in responding to
bystander factors released by irradiated chondrosarcoma cells using a medium
transfer protocol. The cells were irradiated with X-rays / Carbon ions and the Bystander
supernatant was transferred on non-irradiated cells. To study the effects of these
treatments on the survival of cell lines, we carried out clonogenic assays and in order
to study the impact of these treatments on the cellular proteome, we carried out
proteomic analysis by two-dimensional electrophoresis (2DE), starting from the cellular
protein lysates.
The 2DE analysis showed the effect of irradiation on the proteome of irradiated
chondrosarcoma cells as well as the Bystander effect on the proteome of bystander
chondrocytes. We then selected variant spots that were analyzed by mass
spectrometry.
An in-depth analysis of the identified proteins will provide a better understanding of the
mechanisms involved in cell irradiation as well as the radio-induced Bystander effect.
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While the dose-response relationship of radiation-induced bystander effect (RIBE) is
controversial at low and high linear energy transfer (LET), mechanisms and effectors
of cell-to-cell communication stay unclear and highly dependent of cell type.
In the present study, we investigated the capacity of chondrocytes in responding to
bystander factors released by chondrosarcoma cells irradiated at different doses (0.05
to 8 Gy) with X-rays and Carbon ions. Following a medium transfer protocol, cell
survival, proliferation and DNA damages were quantified in bystander chondrocytes.
The bystander factors secreted by chondrosarcoma cells were characterized.
A significant and major RIBE response was observed in chondrocyte cells (T/C-28a2)
receiving conditioned medium from chondrosarcoma cells (SW1353) irradiated with
0.1 Gy of X-rays and 0.05 Gy of C-ions, resulting in cell survivals of 36% and 62%,
respectively. Micronuclei induction in bystander cells was observed from the same low
doses. The cell survival results obtained by clonogenic assays were confirmed using
impedancemetry. The bystander activity was vanished after a heat treatment or a
dilution of the conditioned media. The cytokines which are well known as bystander
factors, TNF-alpha and IL-6, were increased as a function of doses and LET according
to an ELISA multiplex analysis.
Together, the results demonstrate that irradiated chondrosarcoma cells can
communicate stress factors to non-irradiated chondrocytes, inducing a wide and
specific bystander response related to both doses and LET.
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MediNet is an EU-funded Networking Activity which started in March 2016
within ENSAR2*, which is the Integrating Activity for European nuclear
research in the fields of Nuclear Structure, Nuclear Reactions, and Applications
of Nuclear Science.
MediNet focuses on the application to radiation therapy in general and to ionbeam therapy in particular, concentrating on beam delivery optimization, invivo monitoring of dose, dosimetry, radiation quality, and radiobiology.
Under this common topical umbrella, two distinct and complementary pillars
are forming MediNet: Research on detector instrumentation for radiation
therapy and development of nuclear tools for the radiation quality
characterization in ion-beam therapy.
The first pillar comprises research on beam-delivery methods, large-area
transmission detectors, non-destructive beam intensity measurements,
improved imaging technology (proton and ion radiography and tomography,
in-situ PET systems, prompt-gamma imaging detectors, vertex imaging), and
reliable online dosimetry. Several of these activities are contributed to the
development of novel instrumentation for IMRT as well.
The second pillar focuses on the study of software and hardware for the
characterization of the radiation quality –as MC codes, tissue equivalent
proportional counters, and solid-state microdosimeters– to be complemented
with cell signaling studies, biological dosimetry, and bio-compatibility for new
insights on biological effectiveness.
The motivation which animated MediNet activities progressed in the years and
can be summarized in three words, Coordination, Inclusion, and Initiation.
The ENLIGHT network is the natural place in which the clinical users can
discuss the proposed nuclear tools and provide the knowledgeable feedback
for optimization and prompt implementation of the instruments in the medical
practice.
*ENSAR2 has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 654002
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Purpose: To develop and validate combined ion-beam with constant RBE (CICR) particle
therapy for improved treatment efficacy and robustness.
Materials and Methods: The PRECISE (PaRticle thErapy using single and Combined
Ion optimization StratEgies) treatment planning system (TPS) was established to
investigate clinical viability of multi-ion treatments. Single-field uniform dose (SFUD) with
a single ion (p, He, or C) and CICRC-p treatments were generated for a glioma patient
case reaching a clinical prescription dose of 3 Gy(RBE) per fraction. Spread-out Bragg
peak (SOBP) plans were irradiated in homogenous and clinical-like settings using an
anthropomorphic head phantom. A dosimetric and biological verification of CICRC-p
treatments using a murine glioma cell line (GL261) was performed.
Results: CICRC-p treatment plans for the glioma patient exhibited highly uniform physical
dose (2.1 Gy), LETd (~35 keV µm-1) and RBE (~1.52) with reduction of high-LET at the
distal end compared to carbon ions alone. When considering uncertainty in tissue
parameter (α/β)x assignment and RBE modeling, the CICRC-p treatment exhibited
enhanced biophysical stability within the target volume, i.e. <5% fluctuations in DRBE
uniformity as opposed to SFUDC with ~20% variation. For both CICRC-p and SFUD
treatments, dosimetric measurements verified the planned dose in the target within ~3%.
Planned versus measured target RBE values were 1.38±0.02 and 1.39±0.07 (<1%
deviation), respectively, for the CICRC-p treatment in heterogenous settings.
Conclusion: Here, we demonstrate through dosimetric and in vitro investigation that
CICR treatments can provide more biophysically robust distributions compared to
conventional particle therapy modalities. This work constitutes the first dosimetric and
biological verification of multi-ion particle therapy in homogeneous as well as in an
anthropomorphic settings.
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Purpose
The optimization of hadrontherapy treatments relies on the precise prediction of the
Relative Biological Effectiveness (RBE) of ions, which is currently performed in clinical
facilities owing to two biophysical models. The development of alternative frameworks is
expected to improve the accuracy on RBE estimations, and eventually to personalize them
on the basis of patient-specific measures of predictive biomarkers. In this perspective we
conceived NanOx [1], a novel model based on a rigorous framework which takes into
account the stochastic fluctuations in the energy deposited by the ionizing radiation both at
nanometric and micrometric scales.
Material and methods
The process of cell death induction is attributed to two types of biological events: the local
lethal events modeled by the inactivation of nanometric sensitive targets, and the global
events, represented by the toxic accumulation of oxidative stress and sublethal lesions.
The probability of cell survival is calculated from the simulation of tracks by Monte Carlo
through the computation of 2 new quantities: the restricted and the chemical specific
energies.
Results
We applied NanOx to HSG, V79 and CHO-K1 cells in response to ions of various type and
energy, and obtained a good agreement with experimental measurements. In particular,
NanOx reproduces the shoulders of cell survival curves at low LET and the overkill effect.
The benchmark against several biophysical models on the linear coefficients α for the three
cell lines indicates that, on the whole, NanOx achieves the best agreement to the data.
Conclusion
The predictions provided by NanOx with 5 input data [2] (the average cellular nuclear
radius, the linear-quadratic coefficients describing photon irradiations and the α values
associated with two carbon ions of intermediate and high-LET values) are competitive with
the most accurate biophysical models.
[1] PMB-2017, 62(4), pp.1248-1268
[2] Cancers-2018, 10(4). pii: E87

CARBON FIBER-BASED INSTRUMENTATION AND REINFORCED
POLYETHERETHERKETONE (PEEK) CAGES FOR SPINAL STABILIZATION
VASTLY DIMINISH ARTEFACTS, INCREASE TREATMENT OPTIONS AND
ALLOW MORE PRECISE DOSE CALCULATION FOR POST-OPERATIVE
PROTON THERAPY (PT)

Authors: U. Mock(1), P. Fossati (1), Y. Mirofsky (2), J. Gora (1), M. Stock (1), E. Hug (1)
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Introduction: Surgical resection of spinal and paraspinal tumors frequently requires spinal
stabilization. Titanium-based rods, screws, plates and cages are at present most frequently used.
Commercial titanium implants result in artefacts on the CT images and signal void and distortions on
MR scanning - which can result in uncertainties of target identification, target contouring and
dosimetric uncertainties. Hounsfield Unit (HU) to proton stopping power conversion is not modelled
correctly in the TPS, hence large uncertainties in computation of proton ranges are expected in the
presence of metal implants. Several efforts to diminish impact of these problems include megavoltage
CT or artefact reduction software; Contouring implants and artefacts and manually overwriting
stopping power values and material composition reduce dosimetric uncertainties. However, none of
the solutions are satisfactory and several publications even indicate a negative impact on local tumor
control. Recently, Carbon Fiber Reinforced Polyetheretherketone (CFR-PEEK) cages and plates, rods
and screws coated with carbon fiber, became available. It is assumed that those devices produce less
artefacts and computation uncertainties.
Materials and methods: Two patients with cervical spinal chordoma have been referred to
MedAustron for post-operative PT. Initial tumor resections had included vertebrectomy and
reconstruction with PEEK cage followed by stabilization with carbon-fiber based plates and screws.
Proton Therapy planning (Raystation) was based on in-house CT and MRI scanning in immobilized
treatment position.
Results: Both patients underwent successful proton therapy to the desired dose levels of 76 Gy(RBE)
despite proximity of residual gross disease to spinal cord. Planning imaging revealed only minimal
artefact on CT and minimal signal void on MRI permitting excellent target definition and contouring
as well as identification of spinal cord position. Beam directions and field angels were not limited by
position of the stabilization material. In addition, less beam directions were necessary as usually
titanium/metal implants require more beams to smear out dose shadowing. Furthermore, we could
generate single field optimized (SFO) plans being more robust than multi-field optimized (MFO)
strategies. Treatment plans including DVH’s will be presented in detail.

Seite 1 von 2

Figure 1: Planning CT and MR scan of a patient with Chordoma at C3 Level. S/p subtotal tumor
resection. C3 vertebrectomy with placement of cage, stabilized with anterior vertical plate and
anchored with horizontal screws at C-2 superiorly and C-4 inferiorly. GTV = 76 Gy (RBE), CTV= 54 Gy
(RBE)
Conclusion: Early experience using carbon-fiber based stabilization material indicates significant
decrease and in parts even elimination of artefacts on planning imaging. Imaging quality to identify
residual tumor areas and spinal cord (OAR) was of excellent quality and permitted contouring largely
unencumbered by artefacts. Range uncertainties due to artefacts were minimized. Treatment plans
and strategies were similar to patients without conventional surgical stabilization. Carbon fiber-based
orthopedic material has demonstrated durability and performance similar to conventional materials.
Hence, we encourage our orthopedic colleagues to utilize this as material of choice to enable optimal
high-dose and high-precision Particle Therapy.
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Abstract
Strabismus is an eye disorder that failure of both eyes to maintain proper alignment and
move together as a pair. Six extra ocular muscles surround each eye and control eye
position and movement, if there are any neurological or anatomical problems with that
muscles, then there will be control and coordination problem of eye movements. Earlier
detection and treatment of strabismus has more successful outcomes for patients.
Therefore, this project intends to identify patients with strabismus and detect orientation
and angles of each eyes by the supervised machine learning model algorithm.
Recognition process starts with face feature extraction, after that we have to locate the
eyes, and after that iris tissue and pupil recognition are completed. Then we detect corneal
light reflection (Hirschberg test) from image data. Comparison of refection position
according to pupil centered x, y coordinate plane will show that exact orientation of each.
Average eye ball diameter is approximately 2.5 cm and based on visual center geometrical
measurements of eye every 1 mm deviation of corneal reflection on coordinate plane is
mean 7-degree orientation of strabismus.
Our supervised learning model algorithm can be built on and use in mobile applications
and strongly beneficial in strabismus early detection especially in small angle disorders.
Keywords: Strabismus, Machine Learning, Eye Disorder, Artificial Intelligence
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RAON is a rare isotope beam facility of Rare Isotope Science Project (RISP) started
from 2011 and is going to be complete by December 2021. RAON is to deliver various
stable ions from protons to uranium atoms and rare isotope beam (RIB) with energies
from a few keV to hundreds of MeV/nucleon [1]. RAON is going to be exploited for the
study of various science fields such as, nuclear physics, nuclear astrophysics, bioand medical-science, neutron science, and material science, etc [1]. RAON is to
combine two distinct rare isotope production methods: Isotope Separation On-Line
(ISOL) and In-flight fragmentation (IF). RAON will be equipped with a proton cyclotron
as the driver for the ISOL system, a postaccelerator (SCL3) for the ISOL system and
a heavy ion linear accelerator (SCL2) as the driver for the IF system. A rare isotope
beam produced by ISOL is accelerated through a post-accelerator (SCL3) and then
can be fed into a main driver linac (SCL2) to
be accelerated up to ~200 MeV/u of beam
energy and finally delivered into IF system.
The ISOL system utilizes a 70 MeV Hcyclotron as a proton driver to produce
relatively pure and low energy rare isotopes.
By combining ISOL and IF method wider
range of exotic and rare isotope beams is
expected to be produced. Various
experimental systems are connected to each
end of ISOL and IF system [2]. Various kinds
of heavy ions with wide range of dose rate supplied by RAON are to support for a
challenge of biomedical research including new cancer treatment.
REFERENCES
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In South Korea, new cancer patients are reported over 200,000 every year and
cancer is the leading cause of death (>160/100,000). Currently two proton therapy
centers are in service (National cancer center and Samsung medical caner) and two
carbon therapy centers (Yonsei cancer center and Seoul national university hospital)
are in preparation.
In National cancer center (NCC), proton therapy was started from 2007 and total
2,914 patients were treated until the end of 2018. Samsung medical center (SMC)
started proton therapy from 2015 and total accumulated patients are about 1,600 at
the end of 2018. The most common disease treated with proton is hepatocellular
cancer in both centers, and followed by prostatic, lung and pediatric cancer in NCC,
and head & neck, lung and brain tumor in SMC.
Currently, about 1,000 patients are treated with proton per year in the two centers
of Korea. From 2023, when two carbon therapy centers are started to be operated,
over 2,500 patients per year are expected to be treated with proton or carbon. From
the adaptation rate suggested by Japan (GHMC, NIRS) the estimated medical needs
for carbon therapy in South Korea are about 5,000 per year. Almost two times more
particle therapy facilities may be needed in the future.
Apart from the clinical facilities, one proton research facility is in operation and
another heavy ion research facility (RAON) is under construction. RAON is expected
to be complete in 2022 and it will be able to be used for the study of new particle
therapy methods, e.g., FLASH-RT with heavy ions, radioactive ion beams. We are
waiting for international collaborations.
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Purpose Monte-Carlo simulations demonstrate that HO° radicals are quantitatively higher after Cions than after X-rays but very differently distributed within cells. All of our work led us to propose
the paradigm of the stealth bomber, according to which the spatial distribution of reactive oxygen
species (ROS) at the nanometric scale should explain the differential effects of carbon ion
irradiation and X-Ray on tumor cells.
Material and Methods A large number of cellular and molecular pathways were investigated in
response to carbon ion irradiation compared to photons in head and neck squamous cell carcinoma
(HNSCC) and glioblastoma cell lines.
Results The specific distribution of ROS around the tracks of ions observed in response to C-ions
is responsible for:
– the bomber effect that can induce complex DNA lesions and cell death:
Chromosome/ chromatid loss appears as a specific signature of carbon ion exposure (Hanot et al.
Plos One 2012); tumor cell response is independent of the telomeres’ size (Ferrandon et al., Mol
Neurobiol 2013). Cell death is triggered earlier and significantly more in HNSCC and glioblastoma
models as well as in cancer stem cells (CSCs). It involves mitotic catastrophe followed by p53independent ceramide-dependent apoptosis (Alphonse et al, BMC Cancer, 2013; Bertrand et al.,
Stem Cell Rev 2014; Ferrandon et al., Cancer Letters 2015).
– the stealth effect that may preserve the plasma membrane and intracellular cell structures outside
the ion tracks and does not allow achievement of the threshold of ROS necessary to activate tumor
defenses and survival pathways such as HIF-1a stabilization (Wozny et al., Br J Cancer 2017),
matrix metalloprotease (MMP-2) expression or activation of the main signaling pathways (STAT3,
MEK/p38/JNK, Akt/mTOR) responsible for the invasion-migration process (Moncharmont et al.,
Oncotarget 2016; Wozny et al., Cancer 2019).
Supported by the PRIMES Laboratory of Excellence ANR-11-LABX-0063/ANR-11-IDEX-0007
and CLARA Cancéropôle
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New Developments in Accelerators and Gantries for Particle Therapy
Marco Schippers, Paul Scherrer Institut, Switzerland
The basic characteristics of the currently used cyclotrons and Synchrotrons for particle therapy will be
discussed, followed by an overview of recent improvements in the operation of synchrotrons and the reintroduction of synchrocyclotrons. It will be shown how modern technology like e.g. superconductivity is
applied to make the cyclotron more compact and cheaper. A short overview will be given of various
other types of accelerators, which are currently in development or being introduced. However, it will
also be shown how implementation of such developments can introduce a limitation with respect to the
current successful treatment techniques.
To irradiate the tumor from different directions a gantry is used. This is a beam transport system
mounted on a mechanical structure that can rotate around the patient. Due to the masses and sizes of
the magnets for the beam transport, such a gantry has a typical diameter of 10-12 m and a mass of 100200 tons. To reduce the associated costs of such gantries, several groups are working on various new
designs, of which some are combining the accelerator and the beam transport system. The development
of smaller and/or less heavy gantries requires the application of special techniques in the transport of
charged particle beams. Several examples of recent developments will be discussed.
In addition to a possible cost reduction, new technologies also enable possibilities to apply new
irradiation techniques. Some of these enable a much faster irradiation treatment of a patient. Recent
developments in this field will be discussed.
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Purpose
Proton minibeam radiotherapy (pMBRT) is a novel strategy for minimizing
normal tissue damage. By using submillimeter beam dimensions,
pMBRT allows normal tissue sparing in the entrance channel by spatial
fractionation. In this study, acute side effects of proton minibeam
irradiation were examined in an in-vivo mouse model to account for
immune system, vasculature and higher complexity. In this study,
different partially widened proton minibeams were applied as they occur
on their way to the tumor within the normal tissue in an in vivo mouse
model.
Methods
A total of six different minibeam sizes were applied to the ear of Balb/c
mice using 20 MeV protons. The average dose of 60 Gy was distributed
in 4x4 minibeams with beam sizes of σ = 0.09, 0.2, 0.31, 0.45, 0.56 and
0.9 mm and a beam-to-beam distance of 1.8 mm. Acute side effects, i.e.
ear swelling and skin reactions, were monitored for 90 days following
irradiation.
Results
The results show a correlation between the applied beam sizes and the
dimension of acute side effects after irradiation. The largest beam sizes
lead to significant ear swelling (up to 3-fold), erythema and desquamation
3-4 weeks after irradiation. With decreasing beam sizes, the maximum
skin reactions were reduced until almost no visible skin reactions to the
irradiation could be detected.
Conclusion
Our results show that the tissue sparing effect of pMBRT is highest in the
superficial parts of the beam channel whereas it is possible to create
almost homogenous irradiation in the tumor area, which could be used to
obtain tumor control while sparing the surrounding healthy tissue.
However, as even larger minibeams have significantly reduced acute
side effects than a broad beam, pMBRT may offer various possibilities
for new approaches in clinical proton radiotherapy.
Supported by the DFG-Cluster of Excellence: Munich-Centre for
Advanced Photonics.
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At the ion-beam therapy and research centre MedAustron, one irradiation room is solely
devoted to research and technology development. The horizontal beam line in this nonclinical irradiation room offers all clinically used proton and carbon ion energies and in
addition proton energies up to 800 MeV. Furthermore, the research room is equipped with
the same kV based in room imaging system and a robotic positioning system as installed
in the medical treatment rooms. This allows a direct translation of research achievements
to medical improvements.
Currently, scientific projects are carried out in co-operation with the Medical University of
Vienna and the Vienna University of Technology. In addition, there is a strong collaboration with the Institute of High Energy Physics of the Austrian Academy of Sciences, the
University of Applied Sciences Wiener Neustadt, and the Medical University of Graz.
The following dedicated six projects (P1 – P6) have been defined for the research period
2019 – 2021. Motion management is a key topic for adaptive radiation therapy, which
includes both, intra-fraction (P1) and inter-fraction moving targets (P2). For decreasing
range uncertainties in the final treatment planning process, imaging with ions, i.e. proton
computed tomography, is investigated (P3). Research in the context of magnetic resonance guided beam delivery and ion-beam therapy (P4) is a new aspiring topic. For
improving the quantification of the biological outcome, measurements of microdosimetric
parameters are performed, which will constitute the main basis for the correlation with
radiobiological data (P5). Pre-clinical research focuses on molecular and immunological
mechanisms in the tumour and its microenvironment that contribute to therapy resistance
(P6). Non-invasive pre-clinical imaging methods in vivo are included to visualise radiationinduced processes in tumours.
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Purpose: Proton therapy has been indicated for several cancer types and is especially
beneficial for pediatric cancer patients. The main advantage of proton therapy, compared
to photon therapy, is a more precise dose localization and a decrease of dose to nontarget, healthy tissue surrounding the tumor leading to less side-effects. Children show a
higher radiosensitivity and a higher risk to radiation-induced leukemia. The origin of this
radiation-induced leukemia is localized in the bone marrow, where the hematopoietic
stem cells and progenitor cells (HSPCs) are localized. HSPCs may be exposed to
radiation during therapy either directly, when part of the bone marrow is irradiated, or by
exposing HSPCs of the peripheral blood when they pass the radiation field. Currently little
information is available on the cellular response of HSPCs to proton irradiation. The aim
of the study was to compare the DNA damage and repair of HSPCs after exposure to
protons and photons by using the cytokinesis-block micronucleus assay.
Material and Methods: HSPCs were isolated from umbilical cord blood by using density
gradient centrifugation and CD34 immunomagnetic enrichment (Miltenyi Biotec). Once
the purity of the CD34+ isolation was confirmed by flow cytometry (>90% purity), the
cytokinesis-block micronucleus assay was performed. The HSPCs were exposed to 6 MV
photon or 200 MeV mid-SOBP proton irradiation at iThemba LABS, South Africa and KVICart, Groningen with doses ranging from 0,5 to 2Gy.
Results/conclusions: Results are currently gathered and show no indication of significant
differences between the number of micronuclei for the photon and proton irradiation
groups. The preliminary results will be presented at the ENLIGHT meeting. This study will
help to understand and estimate the induced damage to HSPCs in radiotherapy-treated
children and provide opportunities to improve and compare treatment strategies, in
particular proton and photon irradiation.
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Purpose
Hypoxia is highly pronounced in glioblastoma (GB)1-2 where it negatively influences the
efficacy of treatments3.
The BIOMETEC department of University of Catania, the IBFM-CNR of Cefalù and the
CERVOxy group of the ISTCT Unit at Caen are acting synergistically to find a deeper
exploration of particle therapies on radioresistance mechanisms for GB. For this purpose,
these facilities are performing studies, collecting and sharing data obtained from
radiobiology based on X-Rays, proton and carbon ions to analyze the relative biological
effectiveness (RBE) and the influence of the oxygen enhancement ratio (OER) in various
human GB cell lines.
Material and Methods
U87-MG, U251-MG, GL15 and T98G cells are used. Proton irradiation is conducted in
CATANA (Centro di Adroterapia ed Applicazioni Nucleari Avanzate) facility of National
Institute for Nuclear Physics, Laboratori Nazionali del Sud (INFN-LNS) using 62MeV of
proton beams in normoxia.
XRAD 225Cx and Faxitron CellRad are used for X-Rays at Caen (Cyceron). 12C ion (95MeV)
irradiation are performed at GANIL facilities at LET 28; 50 and 100 keV/µm. Experiments
are performed in hypoxia (0.1 and 1% of O2) and normoxia (21% of O2) conditions. Cell
survival, DNA damage and cell cycle are evaluated.
Results
Previous experiments with X-Rays confirmed that hypoxia induces GB cell resistance with
different response depending on the cell line. Preliminary experiments with protons have
demonstrated differences in the surviving fraction for U87-MG, U251-MG and T98G cell
lines. As expected, in response to carbon ions, cellular survival was decreased both in
normoxia and in hypoxia but OER and RBE values were LET and cell line dependent.
Conclusion
This work represents a first step to strengthen results that guide towards the clinical use of
particles therapies for radioresistance tumors. Moreover, understanding the role of hypoxia
in pro-tumoral mechanisms and the impact on RBE evaluation become also paramount in
order to develop a novel combined use of anticancer and radiosensitive agents with particle
radiation therapy for GB.
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