Particelleper laslaute

dallaboratorioal pazientepiu velocementee piu democraticamente

Manjit Dosanjh
Manijit.Dosanjh@-cern.ch
28.11.2025

UNIVERSITY OF

@ OXFORD




LaFisicamedicamodernaxX @ldnizi

Radio waves Microwave Infrared Visible  Ultraviolet - Gamma Ray

0.3mm 780 nm 380 nm 10nm

0.01 nm 0.000001 nm

Energy, E
MPEEC
Al Y0
TEY

WilhelmRdntgen

| | |
| | | >

8/11/1895 22/12/1895 1901



Henri Becquerel

1896:
Scoperta della
radioattivita naturale

Thesis of Mme. Curie i 1904 1898:. Scoperta del
U b, 2 in magnetic field Radio
Immediatamente

usato per la
Brachytherapy

V4 V4 y 4 = = m m
é é éqglinizi
o e gbe | Sulfet, Dintl Yinis b d N St

Opw hns. Goy Be oty Potma o
Erpm' am Mt & ). 4 o C b Afpy 2 6
o B 2 t ¥ o

l'-‘"‘-'a. 1% ooy, il




Il primoesperimentodi radiobiologia

Pierre Curie and Henri Becquerel
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Par Cinémagazine, 14 février 1935

Par Radior cosmetias sitead New York Tribune Magazine, page 12,

Domaine public,

https:/gallica.bnf.fr/ark:/12148/bpt6k2000628h, CC WA 4.0,

https://commons.wikimed ia.org/w/index.php?curid

35047170
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CERN @ecnologidtre pilastri)

Rivelatori di
Particelle

Calcolo su larga
scala (Grid)

Accelerazione di
fasci di particelle




LetecnologiedellaFisicaapplicatealla Salute

Rivelatori di
particelle

Calcolo su larga
scala (Grid)

Accelerazione di
fasci di particelle

TUMORI




Rivelatore

LHC (lastraraggiXx)
Sorgentedi
( Rgggi X)
Higgs ~ Sistema di
(Pazientg riconoscimento
Immagini

(il medico)

Manjit Dosanjh, 10 October 2024



Un quartopilastro. Catalizzarde collaborazion

Accelerazione d| partlcelle Terapia con radiazioni

Tumour Targeles

Rivelazione di particelle

Imaging medicale



Il Cancroe unasfidaglobalein continuacrescita

Breast

A Globalmente19.3milioni di nuovicasiper anno 55 133 (13.3%)
sonodiagnosticatie sisonoavuti 10 milioni di morti
nel2020

Colorectum

g
cancers 48 576 (11.7%)

A Questoaumenterafino a 30 milioni di nuovicasi per «
anno e 16 milioni di morti nel 2040

A Adesso ¢ laeconda causa di mortma in circa 20
anni sara lgrima causa ((lung, breast,
colorectal, prostate)

Lung
41 953 (10.1%)

Prostate
39 317 (9.5%)

Pancreas
14 155 (3.4%)

A >70% diguestemorti hannoluogo nelle cosiddette Stomach Bladder

. . . 14 372 (3.5%) 28 336 (6.8%)
low-and-middle-income countries (LMICSs)
Total : 415 269

Cancer data in Italy: GLOBOSCAN 20z

A Etaeil fattore pitlimportante
A Piudel 90%dei casidi cancrosonodiagnosticatin personedai45 anni insu
A Quasi un quartalei nuovicasisonoin personeover 70

A 1 su4 morti per cancrosonocausatedal fumo
Manjit Dosanjh, 10 October 2024




Cosee il Cancr®@

A Tumore checosaé? Chirurgia  Radioterapia
Rimozionedi Distruzionedi
I Cresciteabnormaledi cellule celluletumorali — celluletumorali
usandometodi usando
i Maligna senzecontrollo, puo chirurgici radiazioni

diffondersi(metastas) A cancro
Chemoterapia
Distruzionedi cellule
tumoraliusando
farmaci(anti-cancer
agents)

Manjit Dosanjh, 10 October 2024 11



Trattamentodel Cancroe Miglioramentodelle
prospettive

ldealmente e necessaridrattare:
Il tumore
Tutto 1l tumore
Nientealtro cheil tumore

| trattamento hadue importanti finalita: ucciderele
celluletumorali e proteggerel tessutisanicircostanti
Pertantola chiavee avedere per saperedovee
cdepositaré  Egisioneper esserecerti chevadali
dovedeveandare

12



Rivelatoriet QldiN&d&exX X X

Rivelatoridi particelle Imaging

Gy Xeray, CT, PET, M

Brain Metabolism in Alzheimer’s
Disease: PET Scan

Manjit Dosanjh, 10 October 203




X-ray imaging
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Per la prima volta si riesce a vedere sotto la pelle del paziente senza
tagliarla



CTc¢ Computed Tomography (TAC)

3d Xrays imaging




CTc Computed Tomography
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X-ray CT halato il via ad uncambiamento
nelladiagnosticamedica penmmadgini
20000 nny &G/ ¢ {fAOS 21 NE
- CTdivienemolto veloce cormpiccolivoxel / pixels

. 2000: siacquisiscainasingolasezionetrasversaoer rotazione
. 2012: siacquisiscondino a 64500sezioniper rotazione
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RivoluzionaenellaFotografia

Da foto in bianco e nero Fotografia usando la tecnologia moderna



Towards digitatolourx-ray imaging

Analog Image Digital Image

Curadel cancrodel senoha subitounarivoluzionegrazieal miglioramentodelleimmagini
19



Medipix

Sviluppato per la Fisica

delle alte energie:

Usato nei rivelatori di
tracciamento delle particelle

Permette il conteggio del
singolo fotone a differenza dei
dispositivi tradizionali come film
0 CCD che integrano la carica.

Proprieta principali:
Dispositivo totalmente digitale.

Elevata risoluzione spaziale.

Rapidissimo conteggio dei
fotoni

Buona efficienza di conversione
per raggi-X di bassa energia

Credits SimorProczUniversityf 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 :
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Spectral CT adesso e possibile

MedipixAll ResolutionSystem

Energy resolution
Spatial resolution

Temporal resolution

I_ 1000 T T T THydrogen ey
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m C_G 100 =
<§E g Medipix — ‘ 3
2 Color L
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Positron Emission Tomography
(Tomografiacon emissionedi positroni)

A 18FDG trasporta il 18F verso zone di alta attivitd metabolica
A 90% delle analisi PET sono in oncologia clinica

A 1974: prima PET eseguita SU un essere umano



Positron Emission Tomography
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PETc comefunziona
http://www.nymus3d.nl/portfolio/animationss



Concept of PET-CT

David Townsend

CT PET

TR
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Imaging multimodale

Immagine di cancro primario al polmone ottenuta con
Dual/Commercial scanner. Un grossotumore al polmone, che
appare alla TAC comeuna massaipodensa che si attenua
uniformemente, ha un bordo di attivita FDG e uncentro
necrotico rivelato dalla PET.

Courtesy of David Townsend



Imaging multimodale: CT e PET

Combinare imaging anatomico e funzionale

morfologia  metabolismo

Pet Sagittal Fused Sagittal

Courtesy of David Townsend



Una volta noto dove si trova
come |lo curiamo?



1900

Comecombattiamoil cancrd?

1950

Chirurgia

Radioterapia

2000

Chemoterapia

Molecular Targeted

Immunoterapia

2021




Opzioniper iltrattamento

Surgery ] Radiotherapy ] [ Chemotherapy (+ others)

J

Non solocuramaanche
Qualitadi vita

31



Opzioniper iltrattamento del cancro

|
I |

—

Radioterapis

|
| |
particelle

= Protoni
Teica
ad lONIpesanti

Manjit Dosanjh, 10 October 2024 32




Radioterapianel 21esimoSecolo

Le 3 "C" dRadiazione
Cura( circa i150%dei casidi cancrosonocurati

Conservativanoninvasiva pochieffetti collateral)

PococostosgCheap)laradiazionecostasolocircal0%
del costototale per iltrattamento del cancro}
(J.P.Gérard

A Circa 60%lei pazientisonotrattati con RT
A Non vié alternativaallaRTnel prossimofuturo
A 1l numerodi pazientié in aumento

33



Finalitadella Radioterapia

A Irradiareil tumore con dose Metodi di usocorrentein
sufficientea fermare la crescitadel radioterapia |
cancro A 5-25MeV fotoni

A 5-25MeVelettroni

A Evitarecomplicazionie _
A 50- 400 MeVu adroni

minimizzareil dannoal tessuto
circostante

Electrons (21 Mev) Carbon (270 MeVru)|
100 - A 7 7
an -
Q
§ . Photons I
B 5
é “ Protons |
| b
20 +

0 160 éoo N
Depth [mm] 0

Manjit Dosanjh, 10 October 2024 34



Radioterapi&lassica con Raggi

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

Fascicsingolo

Manjit Dosanjh, 10 October 2024 35



Radioterapiacon RaggK

D Geneva Unlversity Hospital
hitp:/iwww.casimage.com

Due fasci

Manjit Dosanjh, 10 October 2024
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Precisionaniglioratanel deposito

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

1990s: 4campidi intensitacostante

Manjit Dosanjh, 10 October 2024 37




Intensity Modulated Radiation Therapy

9 CAMPI NONNIFORMI

60-75 grays (joule/kg) given in 30 -35 fractions (6 -7weeks)
per permettere la riparazione dei tissuti sani

90% denitarrror . Sone tediosensibili 38




L acceleratore piu diffuso

ElectronLinac(linear accelerator) for radiation therapy treatment of cancer)
around 20,000 in use

KA /Accelerator

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



Progressin Radioterapia

Negliultimi due decennia causa di:
A Miglioramentinelle modalitadi imagingmultimodalita
A Eecnologiva computers e softwareiu potenti e sistemi
RA a R $hanhoeSoddssibile
- Intensity Modulated Radiotherapy (IMRT),
- Image Guided Radiotherapy (IGRT),
- Volumetric Arc Therapy (VMAT) and
- Stereotactic Body Radiotherapy (SBRT)
- MRIguidedLinactherapy
A E la terapia con adroni/particelle il futuro?
A Forse € FLASH?



Nel 1946 Robert Wilson:

A

A
A
A

&

20 +

Hadron TherapyAdroterapig

Protonipossoncessereusaticlinicamente

Acceleratorisonodisponibili

La dosenassimadli radiazionepuo essere
localizzatanel tumore

/i

Laterapiacon Particellepermette di risparmiare ‘Robert Wilson
| tessutinormalisani Fermilab
Electrons @1 Mev) | Carbon (270 MeV) |

A

Photons |
Iy
M| »

'S

) S =i Conventional: X -Rays lon Radiation
100 200 300
Depth [mm]

Profondita nel corpo (mm)

Manjit Dosanjh, 10 October 2024 41



E. Lawrence Lawrence brothers  Sept 1954 Berkeley

First cyclotron Physicist and Doctor ~Trattail primo paziente(CERN
fondato stessomese, anno)

Importanzadella collaborazion&X X X & ®



1993 Loma Linda 1994¢ HIMAC/NIRS 1997¢ GSI
USA (proton) Japan (carbon) Germany (carbon)

Molto tempoX X @gessal vuole molto tempo



Key Milestones of Hadrontherapy

1990 8 First hospital based Proton facility
Loma Linda University Medical Center, CA, USA

360° Gantry

Manjit Dosanjh, 10 October 2024



The Darmstadt GSpilot project (199/2008)

G. Kraft

patients treated
with carbon ions

J. Debus (Heidelberg Univ.)

J. Debus

Manjit Dosanjh, 10 October 2024 45



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, 10 October 2024 46



PIMMS at CERN (192600)

m II I; | ,I
. RTINS )

UgoAmaldi __,H,,_@
TERA

CERNERAMedAustron

jh, 10 October 2024
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Cli ineai cJi ENIL(GFT

U L6 indseeanel 2001 dopo una riunione ESTRO- Med-AUSTRON
U Ne |l kobre del 2001 una proposta per Network viene sottomessa a EC
U ENLIGHT viene inaugurato a febbraio 2002 al CERN

U Finanziamento : 1 milione di Euro nel 2002

| PR o ’ DG: Luciano Maiani

Organisers: Manijit Dosanjh & Hans Hoffmann
)




ENLIGH&natoLJS NJ X X X

A Creareunapiattaformacomunemultidisciplinare
ATrattamentodel cancro
Aldentificarele sfide
ACondividerda conoscenza .
ACondividered 6 Sa G LINF O B
A Armonizzare dati

A Offrire formazionee istruzione
Alnnovare pemigliorare

Aa [ 2 0 0 & Ayod finankizsnkdti

Lafilosofiadelle collaborazionin fisicadelle particelleviene
portatain unambientemedicomultidisciplinare

Manjit Dosanjh, 10 October 2024 49



From PIMMS study to clinical reality

M

rERA®D
-

ebg MedAustron

Treatment started in 2016



CNAO: Pavidtaly

drupol
bending magnet quadrupole

RF cavity <

TERA celebrated 30 years on 16 September 2022




Particle Facilities Globally (2023)

124 facilities in total of which 110 protonfacilities (in red) and 14
carbontherapyfacilities (in blue).

Manijit Dosanjh, 10 October 2024
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FLASHUN nuovo modo dusare

Radiotherapyper il trattamento del
cancrd?

Gawd UNIVERSITY OF

#) OXFORD




Primisguardidi FLASH THERAP2014
Primadimostrazionedel principio Proof-of-Concepj cone- di

bassaenergia
Sci Transl Med 6: 245ra93, 2014

Control 1 5 Gy CONV 15 Gy FLASH
> FLASH spared normal lung tissue 5 TR O s
at doses known to induce fibrosis £ = (\5, | o
in mice exposed to conventional S {"' et e
dose-rate irradiation (CONV). N soum g &
Visualisation of collagen invasion (Masson trichrome staining)
Healthy Fibrosis Healthy
Number of TUNEL positive calls
> FLASH spared smooth muscle cells ° - = _ 8
in arterioles from radio-induced 7 @ con I 2
apoptOSIs. 30 Sy FLASH \\\\\\\\\ 3

> No difference between FLASH and
. CONYV with regard to tumor growth
inhibition.
>» However, normal tissue sparing by
FLASH allowed dose escalation without
complications, resulting in complete
tumor cure in some xenograft models. el A, L VR D)

HEp-2

Rofativa tumor volume (RTV)

Day ahar reaamant

institutCurie

54




Effetto FLASH ricevegrandeimpulso

B 34Gy"  31Gy" 286G
LG 4 4 .TH ?l ; AApparent sparing of healthy tissue when dos

Is delivered aultrahigh dose rates (UHDR) o
> 40Gy/s.

A Healthy tissue sparing observed in virtually -
radiation modalities.

V Majority of experiments/trials with low
energy electrons and shoohrough
protons.

A So far, 2 human trials:

A Skin lymphoma with 6 MeV
electrons (CHUV, 2019).

A Bone metastases with 250 MeV
(shootthrough) protons

(Cincinnati, 2020). Pain relief
and not curative

A Further trials are ongoing

Advantage of FLASH Radiotherapy Confirmed inManand Catancer Patients. Clin Cancer

VozeninMC, DeFomelP,PeterssorK,FavaudorV, Jaccard MGermondIF, Petit BBurkiM,
Ferrand GPatinD,BouchaalH,OzsahirM, BochudF,BailatC,Devauchelld®,Bourhis]. The
Res. 2019 Jan

34 Gy Conv 34 Gy FLASH Control

Il meccanismd-LASHuttora none
compresocompletamente

B RS _'.-," ¥
\, Q v

o = | At

:‘ Ve x"‘t{ﬁ.

. s j-

Manjlt Dosanijh, 10 October 2024 55



Contents lists available at ScienceDirect

€Trasportéd  cfinj€a(2019):
Trattamentodi un primopaziente
con FLASHadiotherapy

Treatment of a first patient with FLASH-radiotherapy

Radiotherapy and Oncology

N 1
ELSEVIER journal homepage: www.thegreenjournal.com

Jean Bourhis ***, Wendy Jeanneret Sozzi®, Patrik Gongalves Jorge *"<, Olivier Gaide Y, Claude Bailat©,
Fréderic Duclos?, David Patin®, Mahmut Ozsahin?, Frangois Bochud €, Jean-Frangois Germond ©,
Raphaél Moeckli ', Marie-Catherine Vozenin *>!

*Department of Radiation Oncology, Lausanne University Hospital and University of Lausanne; ®Radiation Gncology Laboratory, Department of Radiation Oncology. Lausanne
University Hospital and University of Lausanne; * Institute of Radiation Physics, Lausanne University Hospital and University of Lausanne; and ¢ Department of Dermatology, Lausanne
iversity Hospital and University of Lausanne, Swil

5.6 MeVlinacadapted for accelerating
electrons in FLASH mode

15 Gywith 10 pulsesn 90 ms

3.5 cm diametetumour, multiresistant
cutaneous

Sembracheunadoseistantaneaproduca
un consumaosignificativodi ossigence una
hypoxiatransitoriaprotettiva NeiteSSUL iy e deiineated in biack (5) st weeks.a th peak ofskin reaciion (rade 1
norm al | epithelitis NCI-CTCAE v 5.0); (c) at 5 months.

1¢ : 5 months



VHEKVery High Energy Electrons)

Manijit Dosanjh, 10 October 2024



Dose, normalized

VHEE

A Leloro proprietabalistichee dosimetrichepossonosuperarequelle deifotoni che
sonocomunementeusatiin RT.

A Laloro posizioneconfrontataconi protoni deveesserevalutata, tuttavia essi
possoncessereprodotti a costiridotti.

100". : 250 Mev V|-|EE e — . 1'0:.
7 N 150 MeV :
| \"“\-N_,\ protons > 0.8/
80r /\15Mev T~ o Focu s3e
60 ."I electrons - :h“::c‘ilns 2 06l (d=10cm ) Unfocus sed
. | £ 067
] & 4
40! 2 0.4
0 <« Focu ssed
20} Qg2 (d=3cm )
0' ............................... 0.0“|44 [ R T SR S | M S S T N PE———
0 50 100 150 200 250 300 0 5 10 15 20 25 30
Depth, mm Longitudinal coordinate, cm

Depth Dose curve for various particle beams in water (beam widths r=0.5 cm)

Manjit Dosanjh, 10 October 2024 58



CERN, CHUV and THER¥(conole loro forze per la prima
VHEE Facility

__Bending magnet

g S— X -
- Source of electrons Accelerating stage 00 G N
G
N Q <> X 7/ Bending magnets
<>r & - Patient
. . ’/
c LI c high-performance linear Qo it
electron accelerator technology
F LASH Mr:re healthy I e
e ::)Sasrl;g nnovative
d -seated - .
tumours Radiation Therapy
Fulld (A 1 h l
e | with Electrons

‘t‘ -
f‘j{ in less
than 200 ms

Produrrafasci dielettroni R Aaltafienergia(VHEE)ra 100 e 200 MeV diurata
inferior 106200ms,basandossullatecnologiausataper CLIC (Compact Linear
Collider) permettendoil trattamento di tutti i tipi di cancrofino ad unaprofonditadi

20 cmusandolatecnicaFLASH.
Manjit Dosanjh, 10 October 2024 59



17Gy 17Gy
Control » CONV FLASH

First observation of

6nor mal ti ssue sparinOF d tI‘FLASH
at high dose rates .' I) avaudon etal, .
o LY effect confirmed for the first A :

(1969) AN
time in mice (July 2014)

B 34Gy 31Gy" 28Gy"

© Vozenin etal. -
electron FLASH
| mini-pigs

2015 stanford -Clinac 2016

modified
ultra -high doses

1969

® [irst patient treated with
w electron FLASH therapy
at CHUV (2018)
- @ First Patient treated with
transmission proton FLASH at

‘ IwCincinnati Childre

(Nov 2020)

B

2017

Much research

Proton FLASH tumour c§ntrol study on
needed

Proton FLASH toxicity ﬁudy Cincinnati (2018)
Maryland (2017)

Manjit Dosanjh, 10 October 2024 60



SMART TECHNOLOGY
TO EXTEND LIVES WITH
f LINEAR ACCELERATORS

Collaborazione per lo sviluppoé é

"Transforming Cancer Treatment in LewS & 2 dzNDS { SG G Ay 34
https://youtu.be/4gxQ7-e rk4?si=gZDLnrXDgumqY5DI

61


https://youtu.be/4gxQ7-e_rk4?si=qZDLnrXDqumqY5Dl
https://youtu.be/4gxQ7-e_rk4?si=qZDLnrXDqumqY5Dl
https://youtu.be/4gxQ7-e_rk4?si=qZDLnrXDqumqY5Dl

Availability of RADIATION THERAPY

Number of Radio therapy Machmes per Mrﬂron Peop.'e 2012

Mumber of radiotherapy machines

_ permilion people ‘ -
- no machines .

less than 1 —
L N

fbetween 1 and 3

between 3 and 5

- 5and more =

For more information:  hifpwfwww-naowebiaea org/nahusdiracy
Source: DIRAC (Directory of Radiotherapy Cenlres), 20712 /IAEA dirac@iaea.crg



IAEA 2024 showing huge disparities-gpitsist



