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First radiobiology experiment

Pierre Curie and Henri Becquerel
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Par Sam LaRussa from United States of America
Radithor, CC BSA 2.0,
https://commons.wikimedia.orgiv/index.php? curid=578
41049
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Par Cinémagazine, 14 février 1935

Par Radior cosmetias sitead New York Tribune Magazine, page 12
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CERN and Physics Technologies

§ Detecting
particles

Large-scale
computing (Grid)

Accelerating
particle beams




Detector

X-ray
source
Object Pattern
Recognition
System

Manjit Dosanjh, Medical Applications 2025



Physics Technologies helping health

Detecting
particles

Large-scale
computing (Grid)

Accelerating
particle beams




Cancer Is a growing global challenge

Breast
2 261 419 (11.7%)

AGlobally 19.3million new cases
per year diagnosed art96
million deaths in2020

Lung
2 206 771 (11.4%)

AThis will increase ta7.5million
new cases per year ani.3
million deaths by 040

Colorectum
1931 590 (10%)

Prostate
1414 259 (7.3%)
Stomach

1089 103 (5.6%)

A70% of these deathaill occur in
low-and-middle-income countries
(LMICs)

Cervix uteri Liver
604 127 (3.1%) 905 677 (4.7%)

Total : 19 292 789

Data source: GLOBOSCAN 207

Radiation therapy is a key tool for treatment for about@ patients
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What 1s Cancer?

A Tumour what is it?

I Abnormal growth of cells
I Malignant: uncontrolled, can

SpreadA cancer

Surgery Radiotherapy
Removal of Destruction of
cancer cells using cancer cellsising
surgery radiation

Chemotherapy
Destruction of cancer
cells using drugs (anti

cancer agents)

Manjit Dosanjh, Medical Applications 2025



Cancer Treatment arlthproving Outcomes

|deally one needs to treat:
The tumour
The whole tumour
And nothingBUTthe tumour

Treatment hagwo important goaldo kill the tumour and
protect the surrounding normal tissue. Therefore

G a S Sih ofdérito know where and precigeR S A
to make sure it goes where it should &y,

Early Diagnosis Local Control Fewer Sideeffects
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Particle Detection Imaging

Gy Xeray, CT, PET, M

Brain Metabolism in Alzheimer’s
Disease: PET Scan

Manjit Dosanjh, Medical Application




1200 Mpix 3-D camera taking 40 million photc

N




The detector challenge




X-ray imaging
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First time we could see beneath the skin without cutting open the patient



CTc Computed Tomography

3d Xrays imaging




CTc Computed Tomography
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X-ray CT Is a key driver of change In
medical imaging
20000 nny &G/ ¢ {fAOS 21 NE

- CT became very fast with small voxel / pixels

. 2000: acquire a single transverse slice per rotation
- 2012: acquire up to 6800 slices per rotation

Single Row ||“ | D Multiple Row
Detectors —p | - Detectors

./\mars



Revolution in Photography

From black and white photos To Modern High-Tech photography



Towards digitatolourx-ray imaging

Analog Image Digital Image



Medipix

High Energy Physics
original development:
Particle track detectors
Allows counting of single
photons in contrast to
traditional charge integrating |
devices like film or CCD
Main properties:
Fully digital device
Very high space resolution
Very fast photon counting

Good conversion efficiency
of low energy X-rays

Credits SimorProcz Universityf Freiburg




Dual energy Single
energy CT

MARS
spectral CT

CT

Single, dual, and spectral CT

Patient

Xray source

Xray source

Hounsfield Units

Grey scale
detector
B/W %}\
\ & \%\>
B/W —
Photon Enenergy/[keV]
Two grey
scale detectors
oo B =
— X :
Medipix 1 =
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Spectral CT Is now possible

MedipixAll ResolutionSystem

Energy resolution
Spatial resolution

Temporal resolution

I_ W00 1 iwavopen =
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First 3D human colour x-ray image (2018)

A 3D image of a wrist with a watch showing part of the finger bones in white and soft
tissue in red. couples the spectroscopic information generated by the Medipix3 with
powerful algorithms to generate 3D images (Image: MARS Bioimaging Ltd)




Positron Emission Tomography

Coincidence
rocessing Unit

Sinogram/
Listmode Data

Annihilation

Image Reconstruction

A 18FDG carries the 18F to areas of high metabolic activity
A 90% of PET scans are in clinical oncology

1974 the first human positron emission tomography



Positron Emission Tomography

Neutron-deficient P~ n + et +
e

radioisotop &,
Sya. ‘é
. detector
5., Positron range

Photon (511 keV)

~180°
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PET 1T How it works

http://www.nymus3d.nl/portfolio/animation/55



Concept of PET-CT

David Townsend

CT PET

TR

ﬁ



Multi -modality imaging

Primary lung cancer imaged with the Dual/Commercial
scanner. A large lung tumor, which appears on CT as a
uniformly attenuating hypodense mass, has a rim of FDG
activity and a necrotic center revealed by PET.

Courtesy of David Townsend



Multimodality imaging: CT with PET

Combining anatomic and functional imaging

morphology metabolism

Pet Sagittal Fused Sagittal

David Townsend, UK Physicist



European NoVel Imaging Systems
for ION therapy
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How do we treat cancer?

1900 1950 2000 2021

Surgery

Radiotherapy

Chemotherapy

Molecular Targeted

Immunotherapy




Treatment options

| J

Radiotherapy Chemotherapy (+ others)




Cancer treatment options

Cancer

|
I } [r—

Radiotherap
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| |
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Chemotherap

Physics

= Heavy lons
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Radiotherapy in 21st Century
3 "Cs" of Radiation

Cure( about 50% cancer cases are cured)
Conservativgnon-invasive, fewer side effects)

Cheap(about 10% of total cost of cancer on radiafion
(J.P.Gérard

A About 50% patients are treated with RT
A No substitute for RT in the near future
A No of patients is increasil




Aims of Radiotherapy: Current radiotherapy methods

Alrradiate tumour with sufficient A 5-25 MV photons

dose tostop cancer growth A 5-25MeV electrors

A Avoid complicationsand A 50- 400 MeV/u hadrons

minimisedamage to surrounding Varian True Beam-énac
tissue

- Electrons @1 MeV) Carbon (270 Mevi) |
100 -~
Ea! A
Q
% il Photons |
2 s
g
S0 ‘Pr otons |

Depth [mm] 20 %
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Goal of Radiotherapy

Holy Grail: Deliver as much radiation do
to the tumour whilst minimising the dose
to normal healthy tissue.

ABetter targetingc improved imaging

Almproving dose conformality to tumour
through IMRT/VMAT.

AUsing the Bragg Peak in hadron therapy:.

AFractionationc delivering treatment
across 2680 fractions.

(% dose dose) Spread—out Bragg peak

100% [

50

| |

(SOBP)

150MeV Proton beam
Bragg peak

N

10MV X-ray

|

Body surface 5 10

Normal tissue

|
15 20cm (Depth)
Normal tissue
>



Classical Radiotherapy withay/s

el
Ao

Geneva Unlversity Hospital A
hitp://www.casimage.com

single beam
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Radiotherapy with Xays

D Geneva Unlversity Hospital

hitp:/iwww.casimage.com

two beams




Improved Delivery

Current state of RTntensity Modulated
Radiotherapy (IMRTQ Multiple converging
field with planar (2D) intensity variations

1990s: 4 constant intensity fields
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Intensity Modulated Radiation Therapy

9 NONUNIFORM FIELDS

60-75 grays (joule/kg) given in 30-35 fractions (6-7weeks)
to allow healthy tissues to repair:

UgoAmaldj TERA 90% ofithetiimatr sareoradiosensitive




The most widely available accelerator

ElectronLinac(linear accelerator) for radiation therapy treatment of cancer)
More than 18,000n use

KA /Accelerator

Widelyavailable in all major;hospitals in ,specially.in high income countries (H



Concept of MRI guided accelerator

Accelerator

"

N 'W njit Do

Seeing what you treat at the
moment of treatment

Bringing certainty in the
actual treatment

e%ﬁ@%@%ﬁa’-ﬁé’i‘sunecht, UMC, ENLIGHT



Advances In Radiation Therapy

In the past two decades due to:
A improvements in imaging modalities, multimodality

A technology, powerful computers and software and
delivery systems have enabled:

- Intensity Modulated Radiotherapy (IMRT),
- Image Guided Radiotherapy (IGRT),

- Volumetric Arc Therapy (VMAT) and

- Stereotactic Body Radiotherapy (SBRT)

- MRIguidedLinactherapy

Als Hadron/Particle Therapy the future
AFLASH??
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Hadron Therapy

In 1946 Robert Wilson:
¢ Protons can be used clinically

¢ Accelerators are available
¢ Maximum radiation dose can be placed into the

tumour
Particle thera rovides sparing of normal tissues | . :
G PY P P g Robert Wilson
Fermi Lab
120 - Faess
Electrons 21 MeV) Carbon (270 MeV/u)|
100 + A
gso J A &
%60 ‘ Photonsl / \ j
E » /
So \m | - -0
20
0+ N . — e H . _ i i
d - S 200 5 Conventional: X-Rays lon Radiation

Depth in the body (mm)
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1932- E. Lawrence 1946¢ proton therapy  Sept1954c Berkeley treats
First cyclotron proposed by R. Wilson the first patient
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E. Lawrence Lawrence brothers Sept 1954; Berkeley
First cyclotron Physicist and Doctor Treats first patient
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1993 Loma Linda 1994¢ HIMAC/NIRS 1997¢ GSI
USA (proton) Japan (carbon) Germany (carbon)

First dedicated cIiniCaI
facility




Key Milestones of Hadrontherapy

1991 & First hospital based Proton facility
Loma Linda University Medical Center, CA, USA

360° Gantry

J———-
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The Darmstadt GSpilot project (199/2008)

G. Kraft

patients treated
with carbon ions

J. Debus (Heidelberg Univ.)

J. Debus
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Realtime monitoring

AIn-beam PET @ GSI L ey
(Germany) e

A MonteCarlosimulations Th NN

A Organ motion

o W

a4
= MC simulated !
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5y-local control probability (%)

TumourControlRate: Chordomas
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Romero 1993: n=18, 1.5-2 CGE/Fx

Zorlu 2000: n=18, 2 CGE/Fx

Debus 2000; n=37/1.8-2 CGE/Fx

Castro 1994: n=53/2 CGE/Fx

Munzenrider 1999: n=169/1.8-1.92 CGE/Fx
Terahara 1999: n=115/1.8-1.92 CGE/Fx
Hug 1999: n=33/1.8 CGE/Fx
Schulz-Erther 2007: n=84/2 CGE/Fx
Schulz-Ertner 2007: n=12/2 CGE/Fx

20 40 60 80 100
Median dose (CGE)

Manijit Dosanjh, Medical Applications 2025 Schulz-Ertner, IJROBP 2007



HIT - Heidelberg

T—

. - Beam transport line
o e ||

Quality
control

Treatment rooms
Siemens Medical

Carbon facilities In Europa::,t was HIT

in Heidelberg; started treating patients in 2009
Manjit Dosanjh, Medical Applications 2025




PIMMS at CERN (192600)

m III I; | ,I
. RTINS )

UgoAmaldi ——"ﬂ-@
TERA

CERNERAMedAustron
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PIMMS study at CERN (192@00)

Treatment , CNAO, ltaly
2011

ﬁ

19962000 | ] \J MedAustron, Austria 201
PIMMS study | | x
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From PIMMS study to clinical reality
M

rERA®D
-

fondazionec NAO eb g Me dAustron

S ("’ N

Treatment started in 2016

TERA celebrated 30 years on 16 September 2022
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Particle Therapy facilities in clinical operation in 2023

Proton facilities (in red) and 14 carbon therapy facilities (in bRECOG ,2024



