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Henri Becquerel

1896:
Discovery of natural
radioactivity

1898: Discovery of
radium

used immediately
for Brachytherapy
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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.org/v/index. php?curid=578
41049
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Par Cinémagazine, 14 février 1985
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CERN and Physics Technologies
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Physics Technologies helping health

Detecting
particles

Large-scale
computing (Grid)

Accelerating
particle beams
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AGlobally 19.3million new cases
per year diagnosed aril 96
million deaths in2020

AThis will increase ta7.5million
new cases per year anil6.3
million deaths by 040

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

Cervix uteri
604 127 (3.1%)

d NP g/

Breast
2 261 419 (11.7%)

Lung
2 206 771 (11.4%)

Colorectum
1931 590 (10%)

Prostate
1414 259 (7.3%)
Stomach

1 089 103 (5.6%)

Liver
905 677 (4.7%)

Total : 19 292 789

Data source: GLOBOSCAN 2072

Radiation therapy is a key tool for treatment for about&@% patients
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What I1s Cancer?

A Tumour what is it? Surgery h w il RA 2 (K SN
. Removal of 5S a0 NHzOG A 2

i Abnormal growth of cells cancer cellsusing O y OS 8kk D¢ A f
surgery NI RAIFGA2Y

I Malignant: uncontrolled, can

spreadA cancer
Chemotherapy
Destruction of cancer
cells using drugs (anti
cancer agents)
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Cancer Treatment ardthproving Outcomes

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

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

G a S Sin ofderéo know where and precigeR St A
to make sure it goes where it should &=y

Early Diagnosis Local Control # CS SN TR
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Particle Detection Im aging

Gy Xeray, CT, PET, Ml

Brain Metabolism in Alzheimer’s
Disease: PET Scan
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200 Mpix 3-D camera taking 40 million photc




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



CT¢ Computed Tomography

3d Xxrays imaging




CT¢ Computed Tomography
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X-ray CT Is a key driver of change In
medical iImaging
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Revolution in Photography

From black and white photos To Modern High-Tech photography



Towards digitacolourx-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

Malin properties:
Fully digital device
Very high space resolution
Very fast photon counting

Good conversion efficiency
of low energy X-rays

Credi $i®8moedrzi verfsiFrei bu




Single, dual, and spectral CT

Single

energy CT
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Spectral CT Is now possible

MedipixAll ResolutionSystem

Energy resolution
Spatial resolution

Temporal resolution
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Positron Emission Tomography

ence
P g Unit
R >
/. —>
| ‘
| Sinogran
| Listmode Data

Sun
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



PET 1T How it works
http://www.nymus3d.nl/portfolio/animation/55



Concept of PET-CT

David Townsend

CT PET

T
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Multi -modality imaging

Primary |l ung cancer | maged wi
scanner. A |l arge |l ung tumor,
uni formly hypedemmasenghas a ri
activity and a necrotic cent e

Courtesy of David Townsend



Multimodality imaging: CT with PET

Combining anatomic and functional imaging

morphology metabolism

Pet Sagittal Fused Sagittal

David Townsend, UK Physicist
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European NoVel Imaging Systems
for ION therapy
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How do we treat cancer?

1900

1950

Surgery

Radiotherapy

2000

Chemotherapy

Molecular Targeted

Immunotherapy

2021

A




Treatment options

i J

Chemotherapy (+ others)

Radiotherapy
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The first electron linac (1947)

Sigmur Varian

Russell Varian

William W. Hansen

~

1947
linac for electrons
1.5 MeV at 3 GHz




The earliest linac-based radiation First patient treated by Henry
therapy, first used in London, Kaplan in Stanford 1956
England, in 1953.

Fig. 1. The 8 MeV linear accelerator (Metro-
politan-Vickers) at Hammersmith Hospital =

with the angle of the roentgen head adjusted . - - T .
to give a beam directed vertically downwards. The first patient to receive radiation therapy from the

medical linear accelerator at Stanford was'a 2-year-old boy.


http://news.stanford.edu/news/2007/april18/gifs/accel-H.jpg
https://en.wikipedia.org/wiki/Radiation_therapy
https://en.wikipedia.org/wiki/Radiation_therapy

Radiotherapy in 21st Century

3 "Cs" of Radiation

[ dzhXB | @A dzOl Yy OSNJ OF 4Sa I NB
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A About 50% patients are treated with RT

A No substitute for RT in the near future
A No of patients is increasir
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Aims of Radiotherapy:
Alrradiate tumour with sufficient
dose tostop cancer growth

A Avoid complicationsand

minimisedamage to surrounding
tissue

Current radiotherapy methods
A 5-25 MV photons

A 5-25MeV electrors

A 50-400 MeV/u hadrons

Varian True Beam-édnac

\'Electrons (21 MeV)

Carbon (270 MeVi) |
| K

A

Photons I
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Classical Radiotherapy withiays

Geneva Unlversity Hospital F'- =
hitp:/;www.casimage.com

single beam
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Radlotherapy with Xays

D Geneva Unlversity Hospital

hitp:/www.casimage.com

two beams
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Improved Delivery

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

1990s: 4 constant intensity fields

aly2Ald 52aly2KZ Hai$IRAOFE | LILX AQOI A2y a




Intensity Modulated Radiation Therapy

9 NONUNIFORM FIELDS
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Modern X-ray Therapy

Current accelerator system with gantry, patient positioner ap@Xpanels to acquire CBCT a
planar Xrays.

Intensity modulation is achieved by changing the mlgéf collimator (MLC) patterns (right),
gantry rotation and dose rate. Thus, intensity modulation is achieved through mechanical (
means.
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The most widely available accelerator

ElectronLinac(linear accelerator) for radiation therapy treatment of cancer)
a2z NB NﬂﬁKﬂ|‘W dza S

Widely available in all major hospitals in specially in high income countries (H
Manijit Dosanjh, Medical Applications 2026



Concept of MRI guided accelerator

Accel elrator

MLC

Seeing what you treat at the
moment of treatment

Bringing certainty in the
actual treatment



Advances In Radiation Therapy
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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

fumour 4
Particle thera rovides sparing of normal tissues o L
G Py p paring Robert Wilson
Fermi Lab
120 + e
Electrons 1 Mev)| Carbon (270 MeV/u)|

100 + A 7
oo | A
_§ - }L Ph(;tonsl
Z
‘a |
240 | fr‘otons\l ..'

20 +

i i o s % Conventional: X -Rays lon Radiation

Depth in the body (mm)
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E. Lawrence Lawrence brothers Sept 1954 Berkeley
First cyclotron Physicist and Doctor Treats first patient
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Mdaioz YI [ AY RI1994¢ HIMAC/NIRS 1997¢ GSI
L1 & LINE ( 2 y 0 Japan (carbon) Germany (carbon)

facility
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The Darmstadt GSpilot project (199%/2008)

G. Kraft

patients treated
| with carbon ions
G. Kraft J. Debus (Heidelberg Univ.)

J. Debus
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Realtime monitoring

A In-beam PET @ GSI oy | [
(Germany) ol

A MonteCarlosimulations NESSR <N

A Organ motion

= MC simulated
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5y-local control probability (%)
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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-Ertner 2007: n=84/2 CGE/Fx
Schulz-Ertner 2007: n=12/2 CGE/Fx

o

20 40 60 80
Median dose (CGE)
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HIT - Heidelberg

T—

e mm‘ Beam transport line

W Synchr ot et ST T~ Quality
. R A o control

Treatment rooms
Siemens Medical

Carbon facilities in Europeérst was HIT

in Heidelberg; started treating patients in 2009
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PIMMS at CERN (192600)
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PIMMS study at CERN (192@00)

Treatment , CNAO, ltaly
2011
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MedAustron, Austria 201¢€
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From PIMMS study to clinical reality
M

TERA®D
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Fondazionec NAO eb g Me dAustron

Treatment started in 2016
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[Data from www.ptcog.ch |
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Particle Therapy facilities in clinical operation in 2024

A S TE Proton facilities
<& & » & . .
PR A - (in red) and
6 QLM — R ¢ - carbon therapy

: . facilities (in blue)

PTCOG, 2024

The first patient with protons was it954,and currently, there are around 110 proton and 14 carbon facilities
Just oved 00,000 patientdhave been treated so far, of which arou@,000 with carbon.
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The Problem:

Much of the world has limited or no access to Radiation The

Even though the RT is one of the most useful téad around 50%
cancer cureor painrelief:

A Inadequate supply of Répeciallylinearaccelerators (Linacs)
A Inadequate supply of imaging

A Inadequate supply of experts

A Gap greatest in lowniddle income countries (LMICs)

A Only 10%patients in Low Income Countries have access to RT
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