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The advantages of hadrontherapy
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Radiobiological features of charged particles
DNA damage
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Radiobiological features of charged particles
Oxygen effect
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The oxygen effect influences the
radiosensitivity of tumours, which often have
a significant number of hypoxic cells




Radiobiological features of charged particles
Cell cycle dependance
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Courtesy of A. Facoetti - Hadron Academy PhD course

Surviving cells

Carbon ions exhibit less cell cycle
dependency, this could potentially result in

increased cell Kill



Radiobiological features of charged particles
Molecular pathways
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Radiobiological features of charged particles

It’s not only about survival...

[ Ohmygod, Step it! prdivfdivg!
You're making a tumor, and
youll eventually Kill us all!

Just followin :
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cell lines !

Migration and invasiveness of human tumor cell lines after irradiation.

Irradiation induces diverse changes in
migration capacity of different cancer
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Organ Cell line Radiation Dose (Gy) (LET) Migration Invasion Key molecules
CNS us7 y-ray: 2,10 +at2Gy N.D. avp3, avps
C-ion: 0.5,3(91.5+1.5keV/um) - at both doses N.D.
G G 87 X-ray: 1,3,10 N.C.at all doses N.D. B3 and B1 integrin
C-ion: 1,3,10 —at3,10Gy N.D. (partial correlation)
U87 EGFR++ X-ray: 2,6 +at2Gy,—-at6Gy N.D. EGFR/AKT/ERK1/2
C-ion: 2, 6 (100 keV/mm)* — at both doses N.D.
LN229 EGFR++ X-ray: 2,6 — at both doses N.D. EGFR/AKT/ERK1/2
C-ion: 2,6 (100 keV/pum)? — at both doses N.D.
SF126 X-ray: 4 N.D. + -
C-ion: 2 (80 keV/pm)P N.D. + NOS/PI3K/AKT2/RHOA
Colon HCT116 X-ray: 1,3,10 —at10Gy N.D. 1 integrin (partial
C-ion: 1,3,10 — at all doses N.D. correlation)
HCT116 p21wt  X-ray: 1,3,10 — at all doses N.D. p21 was not
§ C-ion: 1,3,10 — at all doses N.D. affected
~L 4R HCT116 p21-/-  X-ray: 1, 3,10 — atall doses N.D.
@ @ ' C-ion: 1,3,10 — atall doses N.D.
T Lung A549 X-ray: 05,2, 10 —at10Gy —at 10Gy PI3K/AKT
(" » , v C-ion: 025, 1,5 (50keV/um)  —at1,5Gy —at1,5Gy
] [ “ | \ | 1 [ &Jemd A549 X-ray: 05,2, 10 —at2,10Gy —at10Gy ANLN
/ A A Ny X C-ion: 0.25,1,5 — at all doses —at1,5Gy
ymoesie S abueiesass ®.® A549 X-ray: 2,8 +at both doses N.D. RHO
\ — é 0 P C-ion: 2, 8(108 keV/p.m)® + at both doses N.D.
e ® e EBC-1 X-ray: 05,2,8 N.C. at all doses N.C. at all doses N.D.
C-i0: 0.25,1,4 —at4Gy —at1,4Gy
. Pancreas MIAPaCa-2 X-ray: 2,4,8 +at2Gy, - at8Gy +at2,4Gy RHOA/RAC1,
! ‘ C-ion: 2 (80keV/um)" - - MMP-2
X C-ion: 0.5, 1, 2, 4 (80 keV/mm)® —at1,2,4Gy —at1,2,4Gy
S~ 98 — AsPC-1 C-ion: 2 (80 keV/pm)® 2 N.C. s
BxPC-3 C-ion: 2 (80keV/um)® - N.C =
Panc-1 X-ray: 2,4,8 N.C. at all doses +at2,4Gy RHOA/RAC1, uPA/plasmin
C-ion: 0.5, 1, 2, 4(80 keV/lum)® —at4Gy +at1,2,4Gy NOS/PI3K/AKT2/RHOA/RAC1
uPA/plasmin
Sarcoma HT1080 X-ray: 05,2, 8 +at0.5Gy +at0.5,2Cy,-at8Gy avb3
C-ion: 0.2,1,4 — at all doses — at all doses MMP-2
Proton: 0.5, 2,8 — at all doses — at all doses MMP-2

+, enhanced; —, reduced; N.C., No statistically significant change was observed; N.D., not determined.

* Dose-averaged LET.
5 Mono-energic beam with a narrow Bragg Peak.
¢ Middle of the spread-out Bragg peak.

Fujita M. et al., 2015
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Looking towards the future

Particle Therapy and Beyond...

> Expansion of heavy-ion therapy for more | | Combination Therapies
precise cancer treatment .
> Minibeam Radiation Therapy and FLASH || *> !mmunotherapy and radiotherapy:

radiotherapy (ultra-high dose-rate Exploring how radiation can
radiation) stimulate the immune system to
> Investigation of new ion species (e.q., enhange cancer treatm.ent
helium, oxygen) for enhanced biological || > Synergies between radiotherapy
effectiveness — Multi-lon Radiotherapy and targeted drugs, such as DNA

damage response inhibitors (e.q.,
PARP inhibitors)

Radiomics, Al, and Personalized Radiotherapy

, . , New radiobiological models
» Al-driven predictive models to determine

patient-specific radiation responses > Microfluidic systems
» Radiogenomics: Understanding how > Patient Derived Organoids
genetic variations influence (PDOs)

radiosensitivity to tailor treatments
» Integration of big data and machine
learning to optimize treatment planning

» Bioprinting 3D models
» Al driven tumour models

and dose delivery




Pancreatic adenocarcinoma
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Milestones:
v Building completed summer 2024
¥ Hitachi installation starts beginning 2024
¥ New technologies ready by middle 2025

Layout by middle 2024




Radiotherapy process

HORIZONTAL BEAM IN THE 3 TREATMENT
ROOMS

VERTICALBEAM IN 1 OF THE TREATENT
ROOMS

3 treatment rooms: = 50 patients /day
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. | Typical treatment session:
RadIOtherapy process - * Total duration: ~30 min
! * Positioning & imaging: ~20 min
1 * Beam delivery: ~5-10 min

Simulation
jostenna Imaging W :O::fjmet' mp Prescription W) Beam setting WM Optimisation mm) Dose calculation m) Plan evaluation
Immobilisation eiltneation
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Hadrontherapy needs a
widespread expertise
(from technology to clinics):
Radiation oncologists,
Medical Physicists,
Radiation Biologists,
Nurses,
Bioengineers,

Response Assessment
Clinical  Radiological

- Dose delivering - Setup:

Clinical follow up - .
Organ motion Verification

Courtesy of F. Valvo — Hadron Academy PhD course




Positioning & Immobilisation




Positioning & Immobilisation




TREATMENT
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Patient
positioning feedback
system
X-ray 3D Real-time IR Optical Tracking (OTS) l
g " = : - X-ray Patient Verification System
verification » Real time reconstruction of spherical markers and - {pvlsl] : >
Pationt e surfaces | 2 X-ray tubes (deployable) , 2
setup » Sub-millimeter accuracy : peak 3D errors <0.5 mm [ flat pantels (deploygblZ) s
Optical tracker i * 3D data flow @70 Hz j V - Supporting.struciiire roiaom
: +180°

* Rotation and deployment
accuracy: + 0.15mm, + 0.1°

Verification before
each treatment
session |

Patient Positioning System (PPS)
» Automatic couch or chair docking. I
* Absolute accuracy: = 0.3 mm

Courtesy of A. Pella— Hadron Academy PhD course
Desplanques M et al, J Radiat Res. '
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Thank you for your
attention!

RadidbiM

alexandra.charalampopoulou@cnao.it @




