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From particle physics to medicine

As part of the celebrations for CERN's 70th anniversary, this event offered a unique opportunity to explore the various applications of

particle physics instruments and tools in hospitals and medical research. Medical doctors, biologists and physicists guided the public on
a captivating journey, providing insights into the future of therapy and imaging.
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The event covered three areas in which particle physics was contributing to the development of new medical technologies:

Accelerators to treat cancer
From radiotherapy for cancer treatment to radiopharmaceuticals: tens of thousands of particle accelerators are used in medicine. New
therapies have been made possible by the innovative technologies developed for frontier instruments, like the Large Hadron Collider.

Looking inside the human body
Since the discovery of X-rays, medical imaging and physics have advanced hand in hand. Sophisticated particle detectors, which are at
the heart of modern imaging devices, enable doctors to provide early and accurate diagnosis of many diseases.

The digital health revolution

Machine learning and artificial intelligence technologies play a crucial role in particle physics, which is rapidly embracing these tools to
advance research. Collaborations with medical doctors, epidemiologists and researchers are leading to game-changing developments
that help to preserve or improve our health.

The event brought together renowned specialists and was introduced by Mike Lamont, CERN Director for Accelerators and Technology,
and moderated by Professor Antoine Geissbuhler, Dean of the Faculty of Medicine of the University of Geneva, Director of Teaching and

Research and Head of the Division of e-Health and Telemedicine, HUG.

View more on Instagram




TpaHcpep Ha HOBU TEXHONTOMTUU U eKCnepTHU NO3HAHUA

ot CERN B cbBpemeHHOTO 06LiecTBOTO e Hepa3AesiHa 4YacT OT
LIANOCTHATA AEUHOCT, OCUTYpPABAUKU HOBU UHOBATUBHU pellieHUs
B MHOro obnactu.
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How do we improve
medical and biomedical technology?

How do we improve
medical and
biomedical
technology?

Electronic particle detection techniques
have revolutionised medical diagnosis.
Detectors invented by Georges Charpak
in 1968 allow X-ray images to be made
using a fraction of the dose required by
photographic methods. Crystals
developed for CERN experimentsin the
1980s are now ubiquitousin PET
scanners.

Today, CERN’s unique expertise and
technologies are being used in areas
related to medical diagnostics and
imaging, therapy as well as computing
and simulations for health applications.

Available on: https://www.home.cern/about/what-we-do/our-impac




Innovating in healthcare?

| CERN technologies and
know-how can give you a boost

e Radiation and hadron therapy
» Radioisotopes

e Medical imaging

e Dosimetry

e Simulation and computing

* And much more!

Innovation
* Partnerships

https://Inkd.in/ejRG8js7



Breaking news:
A world's first in
cancer radiotherapy

Available on: https://www.home.cern/about/what-we-do/our-impac
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Healthcare related news

MARS Bioimaging partners with the Hospital for Special Surgery
(HSS)

(News from our partners) The partnership will assess particular aspects of the MARS 5x120 Extremity scanner.

Healthcare | 15 June, 2023

Terapet SA secures over CHF 2,3 million to bring its first product
to market and to accelerate development of new nuclear
imaging products

This funding supports the commercialization of Terapet's first product, Qualyscan and the development of new nuclear
imaging products.

Healthcare | 17 February, 2023

CERN, CHUV and THERYQ join forces for a world first in cancer

| radiotherapy
CLIC!Hemens CERN, CHUV and THERYQ have signed an agreement for the development of a revolutionary FLASH radiotherapy device
e @ @ Innovative
o  Redittion Therapy Healthcare | 25 November, 2022
b with Electrons

Available on: https://www.home.cern/about/what-we-do/our-impac



The GEMTEQ detector will be used in microdosimetry to
better understand radiation effects in human tissue,
and has already been used for measurements at

- CERN tech

for ion therapy and microdosimetry

= it

CERN Knowledge
Transfer Highlights

GEMPix at CNAO for the latest measurements in October and December 2021

Available on: https://kt.cern/annual-report?page=0


https://mobile.twitter.com/CNao

CERN and CNAO, a long-standing collaboration
in the fight against cancer 22 NOVEMBER, 2021
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Available on: https://kt.cern/news/news/knowledge-sharing/cern-and-cnao-long-
standing-collaboration-fight-against-cancer
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First European hospital receives 3D color X-ray scanner using CERN
technology MARS Bioimaging's 3D color X-ray scanner has arrived in
Europe to undertake clinical trials that will lead to its medical use.

22 JUNE, 202

|

Available on: https://kt.cern/news/news/knowledge-sharing/first-european-hospital-
receives-3d-colour-x-ray-scanner-using-cern



New 3D colour X-rays made possible with
CERN technology

Available on: https://kt.cern/article/new-3d-colour-x-rays-made-possible-cern-technology




CERN technologies for next-generation

Available on: https://kt.cern/success-stories/cern-technologies-next-
generation-ion-therapy-centres



CERN u MeguumHckata pusmka

CERN: catalysing collaboartion for medical advances - March, 2012

CERN established the Physics for Health (PHE) workshop.

"T think that the first thing we have to do is to understand each other, to know
what is needed, what is available and what is possible," explained Rolf-Dieter
Heuer, Director General of CERN.

INITIATIVES:

Biomedical research
Accelerator design
Radioisotope development

Available on: http://medicalphysicsweb.org/cws/article/opinion/49110



Proton Center in Vienna, Austria




IDEN RGA Series

ANALYTICAL : :
wwiHdeAal LB Impressive range of RGA's

In focus: big science and ©
industry

The MedAustron proton/carbon-ion synchrotron was constructed in collaboration with CERN, the
TERA Foundation, INFN and the CNAO Foundation, with help from PSI. Credit: MedAustron
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MedAustron bought from CNAO Foundation the construction
drawings for 3.2 million Euro.
IP: CNAO (55%), INFN (30%), CERN (15%)

Summer Students - UA - 31.7.15
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Protons have been
extracted from the
synchrotron

First patient in 2016
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CERN u MeauumHckata gpusmka

CERN INTENSIFIES MEDICAL PHYSICS RESEARCH -
Feb, 2014

The ultimate aim is for CERN to establish itself as an
important facilitator of medical physics in Europe.

"Since the start of this year, we are trying to combine all
of our research on medical applications at CERN into one
coordinating office," explained CERN's Director-General Rolf
Heuer, speaking at the recent ICTR-PHE (International
Conference on Translational Research in Radio-Oncology and

Physics for Health in Europe) meeting in Geneva, Switzerland.

Available on: http://ictr-phel4.web.cern.ch



BBC Click
12 May 2018

Medical Physics Web

1 Mar 2018

Two Birds With One Proton Beam:

CERN Now Makes Radioisotopes
For Medical Research

Forbes

Forbes
15 Dec 2017
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23 Apr 2018

CERN

Precision medicine

CERN Courier

1 Jan 2018
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physicsworld.com

CERN-MEDICIS produces first medical
isotopes

Physics World

13 Dec 2017

physicsweb

RESEASCH TECHNOLOSY CLINICAL AFFLICATIONS

Medical Physics Web

2 Mar 2018

? . PAYS DE GEX 24
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Pays de Gex

15 Dec 2017

MEDICS CERN : une installation médicale
unique au monde pour début 2018

Le Pays Gessien
7 Dec 2017
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WELCOME

CERN Courier — digital edition

Welcome to the digital editson of the MayJune 2019 issue of CERN Cowrder

s 100 years since Ernest Rutherfond pahlished his resalts proving the
exustence of the proton. For many decades the protoa was considesed
clementary. Bet ever since experiments at SLAC and DESY started firing
clectrons o protons, beginmuny i the 19605, decp-inclastic-scattening
experiments have revealad a complex imemal pactare. In this issue we take an
expert sour of physscists’ evolving understanding of the peoton, and find thae
there 15 still much w learn about this ubiquitoas panicle - inclading the ongin
of is spin, whether or ot 8 decuys and the puzrling value of its radses
Flavour phiysics is another theme of the issue. LHOS s observation of

CF vicdation in the charm sector repeesents a muilessone result. and the
collaboration recently released an spdate of the ratio R, concenaing the

ratso of certain B-meson decays. From a theosetical penspective, sew gauge
bosoas and lepeoguarks are peomisiag potemial explasations for the curment
anomalies repocted in the b-gaark system, akthough the pactare s far from
clear and move data are scoded. Meamahutle, rescarchers are also scascbung
for ultra-rare moon decays that viclsee lepton-aumber conservation

Also in this issue: LHOD's discovery of a sew pestageark, DESY's
astropartcie ambitons, news oa the Imersational Linsar Collider, the first
umage of the contre of a galaxy, and more

10 seggm up 1o the new-essee alest, please visit

hitpe/cernconrier com/‘cws/sign-up

1o sabwcribe 1o the magazee, please visit
httpe/cerncourier.comows/ Tvow 2o -subscribe.

C}:RNCOURIER

eve 59 Nuwass 2018

With permission by Dr Matthew Chalmers

PERSPECT

PROTON
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CP vislation in charm decays
SKA and treaty - based science

Reports from Moriond

- () = NOIOXS IOP Publishing

Editor, CERN Courier
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CERN Courier — digital edition = &
Precision medicine

Welcome to the digital editson of the January Febeuary 2018 issue of
CERN Conerler.
Proton sherapy was first administered in o paent at Berkeley Natwoaal LU Oesign revisited
m‘a’, ..ns';m?&?? . :,:(,m. i :1‘"‘"“,,,, > .'m,, ? Linac4 prepares for injection
besween hagh -cncrgy plrysicists and oncologiss has grown closer ever since. Weighing up the LHC's futurs
This issue of the Cowrier takes o look s some of the medical spplications
of aceeleratoes, in particslar for particle Sherapy. Hadron beanss can allow
temouss 50 be targeted moee precesely than cosvesntsonal radiotherapy and the
numbes of centres is growieg ngadly acioss Exsope, for example thanks oo
efforts such as the TERA Foundation. A shift 10 nsore compect linac-driven
treatiment centres, messwiile, promises o expand access 10 particle and
radiothermpy in $he chalkenging eovironments of low- and middle-income
comntrics, where cancer rates are predicted 1o be hughe st im the coming
decades. Acceleranor sechaology & sl bringing new opportunitics in
radiosotope production for theragnostics and advanced treatment modes, as
exemplified by the recently completed MEDICIS research facilny at CERN,
while detector and compating technology from particle physics continue to
have s major impact oo medical bmaging and treatimem plassung.
----- Abso distnbuted with the January'Febeuary 2018
; ot issue is the insegenal Courier year-planser,
copies of which can be obesined by getting is tooch ot
G~ we o wymE  corncourier@cernach.

To sigm up to the pew s alert, please visit: ceracouriercons/cws/sign ap.

To subscribe (0 the magazme., the e-mail new-issoe alert, please visit:
cerncourier.com/cwshow-to-subscribe.

»
}

CERN

Voiswe S8 Nesose !

With permission by Dr Matthew Chalmers - Editor, CERN Courier



INTERNATIONAL JOURNAL OF HiGH-ENERGY PHYSICS

CERN

WELCOME Vorume 66 MNumeses 8 Dcorone

CERN Courier — digital edition \T“ -
Welkcome to the digital editacn of the October 2016 issue of CERN Cowrter. \ [ ‘
- _._ /

Particle phyysics, and CERN in particelas, has made magor cootribegions to
medicine. Key 10 thus, in additson 10 Sctectons for diagaosis and medical ’
maging s accelermor iechnology. A sew high-energy proton thesagy

centre in Nioe, which hes its rooes in & CERN project, 15 about 1o treat 25

farst patsents, offening imore precese treatment of tumours thas is possible

with comvertional X-rays. Particle beams are abwo playiog an increasiegly

vital role in the prodection of medical isotopes, winich have traditionally

been produced by research reacsors. With globul densand for isotopes such

s techmetinm 99m growing and many reactors resching the end of their
operational Idetimes, CERN has recently Launched a progect called MEDICIS
1o produce isotopes from high-encrgy protoo beams. Meanwiile, Brookbhaven
Natowal Laboratocy im the US has sndergone a senes of epgrades ©o

boost 1 Jong russung isotope peograneme. and TRIUMF in Canada is
pursuing isosopes for the rapadly gromving Beld of turgeted alpha therapy.
Other particle-physics laboratonies are pursiisg simidar cross- disciplinary
programes, Hlustrating the besefit of basic scence 1o sockety

Josipn up 1o the new ke nlest, please visit
bitpe/cerncourier com/ows/sign-up.

10 sabecribe 10 the magarine. the e-mall new-issse alert, please visit:
Bttpelcerneonrier.comfews ow to-subscribe.

CERN 0 €

Vorwwme 56 Nuwacr B

With permission by Dr Matthew Chalmers - Editor, CERN Courier



WELCOME

CERN Courier — digital edition

Welcome to the digital edition of the April 2014 issue of CERN Courier.

It is 60) years since a proton beam was first used to treat cancer at the Berkeley
cyclotron. Since then, research has spread to other countries and other beams,
notably carbon ions. In February, experts at the ICTR-PHE 2014 conference
in Geneva discussed current progress in using these and other techniques
derived from nuclear and particle physics in the service of medicine.

It is 80 years since two theoretical physicists first calculated the neutrino
cross-section and concluded that “there is no practically possible way of
observing neutrinos™. Forty years later, measurements of neutrinos by the
Gargamelle team at CERN helped to reveal the quark structure of matter.
Now, another 40 years later. the MINERVA experiment at Fermilab continues
a long tradition at the two labs in studying neutrinos.

To sign up to the new-issue alert, please visit:
http://cerncourier.com/cws/sign-up.

To subscribe to the magazine, the e-mail new-issue alert. please visit:
http://cerncourier.com/cws/how-to-subscribe.

CERN

VorLume 54 Numeer 3 ArniL 2014

INTERNATIONAL JOURNAL OF HIGH-ENERGY PHYSICS

VOLUME 54 NUMBER 3 APRIL 2D14

Physics in health
and industry

| (@ (@) (o) IOP Publishing

With permission by Dr Christine Sutton - Editor, CERN Courier



CbOAbPXAHNE

L. Nuclear Medicine/HykneapHa [QuarHocTtuka

PET/CT - Positron Emition Tomography/Computer
Tomography (XubpuaeH anapam ) - gusmudeH nNpuUHYMN Ha
Aeuarsue.
IT. Proton Therapy - [1pom oHHa m epanus.
py - Tepanml ¢ _kapboHoBU MOHU.

neutrons 200 MeV protons ——>,

4800 MeV carbon ions

8 MV Xrays

relative dose




Bene diagnoscitur,
bene curatur.

[1pasunHa auarHosa -
_ycneLlwHo JiedeHue.

HuarHoamiyHume memoau ca BUCOKO egpeNTUBHU, Koramo
moram Aa noBsMSAsSM BbpXY mepanesmiyHomo rioseAeHue
npy nayuweHm.



HykneapHata meavuvHa

- Hau - 6Bbp30 passueauiata ce obpasHa cneuuanHocT
(TTosutpoHHO - emucuoHHata Tomorpacpua (TTET)

Bucoko tTexHonoruyHa AevHoOCT)
0 HoB nogxon B Nno3HaHMETO 3a buonorusata u dyHKLMOHaNHaTa aKkTUBHOCT Ha

TymMopuTe - no.qo6p;|BaHe Ha KOMMJIeKCHaTa ANarHOCTUKa U Jfie4eHue Ha
OHKONOrM4yHnUTEe 3abonsaBaHuA.

d HykneapHo - MeOULIMHCKNTE METOAM MMAaT MO - HUCKA pasgenuTerniHa CnocobHOCT,
HO BUCOKa cneumdgunyHocT 1 n3obpassiBat 6MONorM4YHOTO NoBedeHue - hyHKUUATA
Ha nscneaBaHUA opraH U HeroBua MeTabonusbM, Npeau nosgsBaTa Ha
CTPYKTYPHU NPOMEHM.

J AHaTOMO - CTPYKTYPHUTE MPOMEHMU Ha U3CMeABAHUTE OPraHu ca npuopuTer
Ha ocTaHanute o6pasHU mMeToAu: KOHBEHLMOHAHA peHTreHoNorusa, KOMNTbpHA
peHTreHoa Tomorpapusa (KT - CT), aapeHo marHuTeH pesoHaHc (AMP - MRT) -
BUCOKA pasfenmnteniHa cNOcobHOCT U HUCKA CNeUUPUYHOCT.

AMP
Ro rpadums




BRAIN IMAGING

7L

PET SCAN




O Mo3ntpoHHO emucuoHHata Tomorpacdpua (PET) e yTtBbpaeH
METOO B HyKNeapHata MeaguMuMHa C  LUWMPOKO TMPUSIOXKEHNE B
CbBpEMEHHaTa  OHKOMorusl, Mno3BONfdABall,  M3CreagBaHEeTO  Ha
byHKUMATA 1 MeTabonnM3ma Ha opraHuTe.

(] ToBa nosBongBa paHHa _oOUEeHKa W AOWarHOCTUKa _ Ha
CbCTOSAHUETO Ha oOpraHM3amMa, MHOro npeau nosiBata __Ha
aHaTOMWU4YHU U3MEeHEeHUsI B gageH opraH. Kato BCAKO HyKneapHo-
MEOULUMHCKO u3cnegBaHe MeToabT € CBbp3aH C  8€HO3HO
UH)XeKmupaHe Ha HUCKU aKTUBHOCTU pagauoakKTUBEH MaTtepuan —
paguodapmaueBTUK (185 — 740) MB( - (140uCi/kQ).

d lNpn kombuHauma Ha PET ¢ komnwTbpHa ToOMorpadpua CT
(ckeHep) ce nony4vaBa eauH U3LSNO HO8 U CbepeMeH memod 3a
duacHOCMuKa, Hape4eH no3umpoHHO eMUCUOHHa KOMMIOMBbPHA
momozpadgpusi (PET/CT).




KonuBeHumoHaneH PET CkeHep

Parkinson

Pre




TTosutpoHHo emucuoHHata Tomorpagpusa (TTET)
PET - Positron Emition Tomography

TTpyHUMN Ha aeucTeue:

N3nonsea ce NosuUTpoHHOTO nbueHue oT P * npespbliaHeTo
Ha 11 C 13N 150 18F.

Te3u paauoOHYKNUAU Ce NONYYABAT KATO MPOAYKTU Ha
aapeHU peakumm NpoTUYALM B SAPEeHU CHOPbBXKEeHUs -
LIMKNOTPOHU.

AHUXUNALUUOHHOTO Y fbYeHUe, nosyyeHo npu
B3AUMOAEUCTBUETO HaQ NO3UTPOHUTE OT
PAAUOPAPMALIEBTUKA C eNIeKTPOHU OT U3creABaHUTe

TbKaHU Ce perncTpupa Covl CUMHTUNALUUOHHU AEeTeKTOpU,
Hamupauwm ce OKOJNMO TANOTO Ha nauueHTta.




B3aumopeucteue Positron - Electron

Detector

Positron emitting isotope
™\ S11keV

Gamma ray

Detector



Radiology vs Nuclear Medicine

Radiology Nuclear Medicine
(X-ray / CT) (Planar | SPECT / PET)

Radiopharmaceuticals '

Transmission Emission
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1. MonyyaBaHe Ha paAMOaKTUBEH U30TON
(mapkep) = paguodpapmauesTuK.

Electromagnet
South pole

(17

North pole

NMpoToHeH cHoN

MATHUTHO
NONE

MuweHa

|

18

Mg

(Radioactive glucose\




2. UHXXeKTUpaHe Ha nauueHTa

PagnoakTMBHUMAT N30TON Ce HAaTPynBa B Ta3n 061acT Ha OpPraHu3mMa, Kbm
KOSITO MapKepa MMa XMMU4YeH nnm metabonnuteH acoMHUTET.

Radioactive glucose

A




3. OchblujecTBasaHe Ha PU3UYHOTO B3AUMOAEUCTBUE

eneKTPOH - MO3UTPOH.
[sa pOTOHA AHUXUNALUMOHHO rama JSbueHue

Gamma ray \

electron positron
(@ NS —O0

\ Gamma ray




4. [letektpaHe HA GHUXUNALUOHHO JTbYeHUe.

Hetetopute pabotar B cxema Ha cbenageHue

Coincidence
Processing Unit

Sinogram/
Listmode Data

3 i >

Annihilation Image Reconstruction




EaHospemeHHo [eTtekTupaHe

Coincidence Detection
Detector

MlkeV .

(amma ray

S11keV Electron
Czamma ray

Detector

Positron emitting isotope




ETEKTUPAHE HA ®OTOHUTE NMNONYYEHU INPU AHUXUJTIALUUA

HetexTupa ce aHUXUNALUUOHHO NbYeHUe NosTy4aBaHo npu
B3AUMOAENCTBMETO Ha NO3UTPOHUTE U3NBYEHU OT paauopapmaLiedTUKa,
C eNleKTPOHU OT U3CNeABAHUTE THKAHW.

~ Molecular probe

ol 1\ 77 Radioisotope!lC B
POl oS . 77 /, 2
S SS2S St

- Decay -

.. = : ‘ g (b)
S .. - e - <8
~ — Gamma-ray
- . y/ Positron
~ e, S /
::::/// . Electron
W :
AN <
\\\,‘:;.\\4 —" Gamma-ray Correlator




PET - NpnHuun Ha getekTtupaHe: MdeasieH crny4vau




fi

) . e : e a1
S T B S A T s

P R S, 4 -
gl egoereng il

APFLICATIONS  FLAaTURE

J-PET’s plastic revolution

29 ODctober 2onS

A recently developed detector based on inexpensive plastic scintillators paves
the way for whole-body PET imaging and precision measurements of
fundamental symmetries.

The }-PET Geiecior i made of three cylnarical layers of plastc seinmilawos soripes (binck) with
phoomuldplier tubes 1 each cnd. Image credi:- M Zieiinsk!

It i= some 6o years since the conception of positron emission tomography (PET), which
revolutionised the imaging of physiological and biochemical processes. Today, PET
scanners are used around the workd, in particular providing quantitative and 3D images
for early-stage cancer detection and for maximising the effectiveness of radiation
therapie=. Some of the first PET images were recorded at CERN in the late 1g70<. when
phys=icists Alan Jeavons and David Townsend used the technigue to image a mouse.
While the principle of PET already existed. the detectors and algorithms developed at
CERN made a major contribution to its development. Technigues from high-energy
phys=ice could now be about to enable another leap in PET technology.




PET PagnodgapmaueBTnLUn

Hyknud | llepuod Ha Mapkep [punoxeHue
[lonypa3snad
- T1/2
O-15 2 min Water Cerebral blood flow
C-11 20 min Methionine  Tumour protein synthesis
N-13 10 min Ammonia Myocardial blood flow
F-18 110 min FDG Glucose metabolism
Ga-68 |68 min DOTANOC | Neuroendocrine imaging
Rb-82 |72 sec Rb-82 Myocardial perfusion




FDG (2-deoxy-2-(F-18) fluro-D-glucose)

CH,HO
o)
H
H OH
OH
glucose
CH,HO
o)
H
H OH

18F

2-deoxy-2-(F-18) fluro-D-glucose

Hau — wunpoko
N3non3BaHuA
paanodapmaueBTUK

AHanor Ha rnrokKo3ara

[NloBeyeTO TYMOpMU ca CbC
CUIHO NOBULUEH
rMOKoO3eH MeTabonusbm



e
Manufacture of 18F

® Proton is accelerated
® Strikes 180 target

®* Merges with 180

® Neutron ejected

18 1 18 , 1
30 1P > gF+in
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[MonyyaBaHe Ha FDG

0 BobmapaupaHe Ha nogxoasiia MUWeHa Bogewa Ao
nosiyyaBaHe Ha 1°

0 bombapaupaHeTo e okono 2 yaca (1 T1/2).

0 8F — xumuyeH moayn (synthesis module), kbaeTo
ce ocbllecTBABaAT peaKLuu C NOBEYeTO peareHTH,
Taka 4e ga ce nonyuum fluorinated deoxyglucose —
FDG.

a Moayn (Ka4yecTBeH KOHTPOJS1) Ha CUHTe3upaHe
oOxBaLla HAKOJIKO CTbMNKU KaToO HarpsiaHe,
nscrtyasisaHe, omntpupaHe, XMMN4YHO NpevYncTBaHe
N cTepunmsnpaxe.



Principal PET radionuclides

Radionuclide T Nuclear reaction

Carbon-11 20 min 14N (p, o) 1C

Nytrogen-13 10 min 160(p,0r) 2N
Oxygen-15 2 min 14N(d,n)150
Fluorine-18 (*8F,) 110 min

20Ne(d, 01) 18F

Azienda Ospedaliero — Universitaria di Bologna
Policlinico S. Orsola - Malpighi




The PETtrace cyclotron
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Azienda Ospedaliero — Universitaria di Bologna
Policlinico S. Orsola - Malpighi




Beam acceleration

Azienda Ospedaliero — Universitaria di Bologna
Policlinico S. Orsola - Malpighi







MOAvyn - CUHTES




PAONOXUMHNYHA TTABOPATOPUA




Routine work cycle at the PET centre in Bologna

» 5.45: pre irradiation of 18F target with H2016

* 6.00: activity bolus delivered to a research hot cell; test of production; rinse & drying
* 6.00: start testing and loading 18F-FDG module

* 6.15: preparing the vials dispensing unit

* 6.30 — 7.00: checking of cyclotron parameters

 7.00: preparation of the insulator for unit dose dispensing

 7.00: start preparation of the QC equipment

« 7.30: first irradiation is almost ready; final check of all systems

« 7.30: start preparation of the 11C module for Choline / Methionine

» 7.45: end of first bombardment and delivery of activity to the 18F-FDG module
 7.50: preparation of the 11C target

« 8.00: start 11C bombardment

» 8.30: delivery of 11C to synthesis module; start of Choline / Methionine synthesis
« 8.40: first vial of 18F-FDG ready; taken sample for QC

» 8.55: end of 11C Choline / Methione synthesis; sterilization
_ * 9.00: 11C Choline / Methione sample for QC
g3 © 9.15: 11C Choline / Methioninez@@@@mptet@dif,arﬁP@b'patient dose dispensed

Policlinico S. Orsola - Malpighi




Q TTonyyeHuTe curHanu ce obpaboTeaT OT copTyep (asropummm
"ob6pamHa npoekyma”), B pesyntat ce nonyvara obpas musobpassealy,
NOKANU3AUUATA U KOHLEHTPAUUATA Ha CbOTBETHUS

paanodpapmarePTuK, U3TOHHUK Ha NO3UTPOHU B U3CNeABaHUA




PeHTreHoBa KomnioTbpHa Tomorpagpus
Computer Tomography (CT




PeHTreHoBa KomnrotvpHa Tomorpacpus/
X-ray Computed Tomography- CT

O AHGTOMUYHG

CTPYKTYpa
A TTo - aobpa
pesonroums ot PET

a [lobpa pasnuka mexay
KOCTHA U MeKa TbKaH

0O He moxe aa
AngepeHUUpa
AKTUBHOCTTA Ha
3abonasaHuaTa




PET/CT Tomorpapus

0 KombuHupaHe Ha
(PYHKLMOHAHATA
UHpOpMauuma ¢
QHATOMUYHUTE
AeTaunu.

d ToyHa aHATOMUMHG
perucTpauus.

O Bucoka aguarHocTUYHa
TOouHOCT cnpamo PET
unu CT u3NonN3BaHuU
no oTAenHo.




CT unit PET scanner
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PET/CT — XuopugeH anapart - hM3nydeH npyuHUMNn Ha gencreBue

PET & CT B eQHO reHTpu

2000r. — po-p David Townsed nateHTOBa TEXHUYE€CKOTO
n3oodpeteHue

2003r. — BIDMC e nbpBaTta 6onHuua B Massachusetts, USA

nnnnnnnnnnnnnn DT/ T



PET/CT U3cneaBaHe

(b)

v

MaumneHT B nosnuua # (a) — MaumneHT B nosuuus # (b) - <
CT PET

IBeTe nacnengBaHus ce N3BbLPLUBAT NocnenoBartesyiHO BbB BPeMeTO.

MauneHTHLT He ce ABWMXU NO BpeMe Ha ABeTe uscnenBaHus.
MaumeHTHaTa maca ce npuaBMXBa No octa Z, no gepmHupaHa v
KOHTpONiMpaHa nocoka.

KaTto pesyntat obpa3ute ot CT u PET ce HacnareaT 1 ce nosniy4yaBa
obenuHeH oOpa3 oT NpoBeAeHOTO uscrieqBaHe.



PET/CT scan protocol

topogram spiral CT

CT scan

[
e

PET attenuation correction

&P
e Gle

Fusion

[

: _ i-
l L m— | = econstruction = ar

A fused image
PET FPET image

KomntoTepHUAaT Tomorpad (CT) npu PET/CT ce npunara 3a Kopekuus
Ha oTcnabBaHeToO Ha Y MbY€HUEeTO M KaTO aHaTOMUYHa MaTpuua 3a
n3oodbpassBaHe Ha TOYHaTa NoKanusauusa Ha PYHKUUOHAJIHO
nMPoOMeHeHuUme ramosio2u4yHuU o2HuWa, 3/ioKkadecmeeHu mymopu u
mexHume mMemacmasul.







OBPA3U HA PA3JIMYHU HYACTU OT HOBELLUKOTO TANO

PM MaBa u Llus NTnmdpom

B -

PET/CT




Heobxoammo Bpeme 3a unacneasaHe Ha

[TauneHT
[TanmneHTHT MOXKE J1a
ITounBka g ce o0rya u
scan pexuaparupa
0 50 60 65 100
I T T T T mins
Huricekmupane HampentsT e ¢ PET scan

U3IPa3HEH
MTUKOYEH MEXY]

B cbBpemeHHuTe PET/CT — BpemeTo e no-Manko ot 20 min.




KnuHuuHo TTpunoxeHue

- OHKONorus
* Kapavonorus

- Hesponorus

Kapavonorus

5%
OHkonorus

85%

Hesponorua 9%




Ponga B OHKONnormarta

a dundpepeHuunpa
OEeHUrHeHuTe oT
MarUrHeHuTe

3abongaBaHug

a CtagmpaHe Ha
3abongaBaHudaTa

d Pe3yntatsbT OT
NeYeHmneTo

Q NoBTOpeHMEe Ha
3abongaBaHeTo /peunans/

a [NpunoxeHne npwu
ITbyeTepanuara




B OHKoOnornsita

lMocTaBssiHe Ha AMarHo3a —
BI/I3yaJ'II/I3aLI,I/IFI Ha XN3HEeHOCTTAa Ha
TyMOpa, HeromutTe metTacta3m niu
peunanemn

Mpu Tymopu ~ 1cm

cpeaHa 4yBcTBUTENHOCT 95%*
(91% - 100%)

cpegHa cneunduyHocT 90%*

(85% - 100%)

*Taylor A, et all. A clinical guide to Nuclear Medicine. SNM-USA, Ca Lung
2nd printing, 2003



AHaTOMUYHU Oobpa3un

DyHKUMOHANHU obpas3u

OGepuHsiBa npegmMmMmcTBaTa

n OTnnyHa Bucoka YyBCTBUTENHOCT M Ha ABeTe TeXHUKMW:
eAnMCTBa
pea NpocTpaHCTBEeHa KONMUYECTBEHOCT. YYBCTBUTENHOCT,
pesoniouus, NnpeLnsHo cneundUYHOCT U
no3nLMOHUpPaHe. CtagupaHe n KOHTpon Ha KONMYeCTBEHOCT.
3abonsiBaHMATA.
Henocrarbum OrpanuyeHa OrpaHuyeHa MayMeHTHLT NornbLa
YyBCTBUTENHOCT NPOCTPaHCTBEHA
npu ctagupaxe.
P P pesontouuns [03a NbYEHNE 2?7 vurens
MeTtabonuTtHa
AHaTOMUS HacnarsaHe Ha
OGpa3u

/a]'VIBHOCT

MeTabonuTHU U
aHaTOMMUYHU
OaHHU

MpoayKTUBHOCT

~ 4-5 NMNauneHTa/vac

~ 1 MauumeHT/yvac

~ 3 MauwmeHTa/vac




Instantaneous Dose Rate from Patient

Radiopharma- |Dose rate at Dose rate at
ceutical 0.1 m, uSv/hr | 1m, uSv/hr
Tc-99m MDP 114 .
(600 MBQ)
F-18 FDG

550 70
(350 MBQ)

Dose rate measured immediately after injection. Note
considerably higher dose rate for 18F versus %°"Tc.

‘4(@\

&

?((‘L’



TTPUYNHN 3A OTPAHNYEHO PA3TTIPOCTPAHEHWE

1 Bucoka ueHa Ha anapartypara.

[ HeobxoammocT OT LUMKNOTPOH, KOMUTO Aa Npou3BexAa
KpaTKOXuBeelm paauoHyKInau.

d CneuuwanHo aaanTupaHa anapatypa 3a XUMudeH
CUHTE3 U KOHTPOM Ha U3NON3BAHUTE
paavogapmaLesTULU.

d Hanuuyue Ha paauoxumuuHa nabopatopua.

d TTomelweHusa cbc cbOTBETHUTE NMbYE3ALUTHU
U3UCKBAHUSA 3a NepCcoHan U HaceneHue.



TTuoHepu B PET amnarHocTukara

Michel Ter-Pogossian prepares a radiopharmaceutical
for an examination of Henry Wagner Jr
with one of the first PET- scanners (1975).



Uctopua Ha LuknoTtpoH, PET & PET/CT

1928 CblecTByBaHETO Ha No3uTpoHa, Paul Dirac

1930 LiuknoTpoH, Lawrence et al.

1932 ExkcnepumeHTanHo HabnoaasaHe Ha No3uTpoHa, Carl Anderson
1953 HetexkTupaHe Ha aHUxunauus, Brownell & Sweet

1975 TpaHcakcuanHa Tomorpagpus, Ter-Pogossian, Phelps & Hoffman
1977 14C deoxyglucose, Sokoloff et al.

1979 I8FDG PET, Relvich et al.

1980 - te MHorocpesosu CT & PET umknotpoHu
1990 - te KnuHuuHO npunoxeHuwe Ha PET

2000 - te PET/CT

2010  GE uHcTanupa nbpeuat PET/CT + MR obpasHa cucTtema B
University Hosbital Zurich (Nov 2011)



Neuro Cardio
PET/MR fusion LR )

e Using CT as a bridge between PET & MR

E R R

PET machines don't like to work in high magnetic fields. But thanks to

more than 30 years of research, since 2010 we have PET/MRI machines
installed in clinical settings.”

David Townsend

Availabale on: http//:CERN.CH/ENLIGHT/HIGHLIGHTS



June 12, 2014 — Philips Healthcare recently intfroduced Vereos PET/CT, the first digital
scanner, at the 2014 annual
meeting of the Society of Nuclear Medicine and Molecular Imaging (SNMMTI) in St. Louis.

Philips Highlights Vereos Digital PET/CT at SNMMI

Product & Solutions @RSNA News Contactus

Radiology

Vereos PET/CT

The world's first and only digital PET/CT

The Philips Vereos PET/CT scanner with Digital Photon
Counting Technology will redefine PET imaging and mark a
new erain clinical performance.

The Vereos PET/CT provides the technological advances
that can help you become the preferred site for clinical
referrals. Fast scans and fast post-processing will speed
your workflow, increasing the number of patients you see
and your flexibility in scheduling them.

[[Eiibl‘dre in 3D

It has improved sensitivity and resolution, and delivers high quality images for enhanced
diagnostic confidence.

Avaialable on: http://www.healthcare.philips.com/us_en/clinicalspecialities/radiology/solutions/vereos.html?



http://www.itnonline.com/channel/pet-ct-systems

CERN 2017

Forty years since the first PET image
at CERN

Marilena Streit-Bianchi reminisces about her role in the first PET (positron-emission
tomography) image taken at CERN

21 DECEMBER, 2017 | By Iva Raynova

On a peaceful afternoon in early summer 1977, the laboratory of CERN radiobiologist Marilena Bianchi was
visited by a physicist with a pretty unusual request. He asked for her help in his quest to create a firstimage of a
mouse using a PET (positron-emission tomography) camera.

The physicist, David Townsend, had been helping Alan Jeavons, also a physicist at CERN. Jeavons had
developed a new detector, based on a high-density avalanche chamber, to take PET images. Townsend had
developed the software to reconstruct the data from the detector and to turn them into an image.



skeleton of the animal.

Scan oF mooss sefrven . 57 po ' (posi 4o )
U YO S PO P .h..*..,'.,. Eibaey

;t;m"!.i!!..

al
#H lb!uu

'&m itk

The isotope she injected emitted positrons, the antimatter
twins of electrons. These positrons bumped into nearby
electrons and in the collision a pair of photons was created.
The photons shot out in exactly opposite directions. By
placing two detectors around the mouse, Jeavons and
Townsend picked up these pairs of photons, pinpointing
where the positron annihilations occurred. “A few days later,
David Townsend came back with this beautiful picture. The
first mouse scan taken with a PET camera,” remembers Streit-
Bianchi. “The findings were then presented at a conference in
October 19777

PET was not invented at CERN, but the work carried out by
Jeavons and Townsend made a major contribution to its
development, thanks to the type of detector and computer
programme developed for image-taking analysis. After the
initial success, Jeavons and Townsend devoted their careers
to improving medical imaging. Later, Townsend and co-
workers in the US suggested to combine PET-CT (computed
tomography) to see both metabolic and anatomic
information. This was a major breakthrough for cancer
diagnosis and treatment follow up.

B i;ff",hﬂ’

N O,

Theflirst PET Image taken at CERN, In 1877, showling the skeleton of 3 mouss. Unllke 3 modem-
day Image, this ons is truty digital - itis composed of numbers. Each numbsr Indicates how
much of the Isotoge has been emitted 3t 2ach palnt. {Image: CERN)

“I am very proud. The inventiveness of these
two physicists and their desire to develop a
special PET camera resulted in the further
development of a perfectly safe method to

inquire what is happening in the body.” - Streit-Bianchi b b )



TTuoHepu B aunarHoctukara ¢ PET/CT 8 bbnrapus
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Radiation Dosage with X-rays
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Limit Radiation Dosage with Protons



PAONOTEPATING
(Tepanua ¢ UoHU3UpALWM NbYeHUs)

OcHoBHa uen:

JNTukBuAUpaHe Ha XU3HeCnOCOBHOCTTA Ha TYMOPHUTE KreTKU B AaAeH OpraH unu
CUCTeMa Ha YOBELIKOTO TANO Ype3 annmuupaHe Ha Heob6xoAanMMaTa KaHuepuLmnaHa
A03a NPU MUHUMANHO obbysaHe Ha 3aobukanawmrte ObnacTTa noanexaiia Ha
INbueneyenuwe /OTTNI1/ 3apaBu OpraHn U TbKaHW.

[1oamraHe yHuloxasaHemo Ha mymopHus npoyec be3 ga ce npuyYnHasam
yspexaaHua Ha opraHu3bm.

PAOUOTEPATINA
Xupyprus | Xuvumuotepanus




Hippocrates' words

PRIMUM NON NOCERE!

INNexysau, HO He yBpexaaul



Bupose f"lou-lmmpau.wl INTbyeHus

Radiations
Electromagnetic Particles
| } | }
Non-ionizing indirectly ionizing  charged uncharged
» Radar X-rayse a-particless neutronse
y-rayse B—-particlese

> Radio B+-particlese

» IR (heat) G Dr oign;,- -

» Visible

» ultraviolet Carry enough energy which if deposited
In matter can produce ions



Uctopua Ha Paauotepanusarta
1895 - OtkpueaHe Ha X nbuun - Vilhem K. Roentgen.

1898 - OTkpueaHe Ha Radium - Maria Curie.

1928 - H&N Cancer KNUHUYHU pe3ynTaTu.

1950 - Havano Ha paauotepanuarta ¢ y nbum (Co-60).
1954 - Havano Ha npotoHHaTa Tepanusa at Berkeley.

1961 - Linear Accelerator (LINAC) at Standford,
USA.

1968 - Gamma - knife radio surgery at Uppsala,
Sweden.

1971 - Computed Tomography.

1980 - Multi Leaves Collimator (MLC).

1988 - Intensity - Modulated Radiotherapy (IMRT).
2000 - Image Guided Radiotherapy (IGRT).




PAOUOTEPATINA

Radiotherapy Treatment Planning Process

1: CT scanning 6. Radiotherapy treatment 5 Virtual simulation

SN /[

3. Skin reference marks
2 Tumnur Incallsatmn AW‘“ 4: Treatment planning

=
ﬂ“?&




NuHeeH Yckoputen ¢ MLC




CbBpemeHHa paamoTepanus ¢ X rays
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TTpoHukeaTenHa cnNOcobHOCT Ha POTOHHUTE NbYeHUs B
3aBMCUMOCT OT eHeprusata

100

All Field Sizes = 10x10 em

&0

60

% Depth Dose

T EETERMNAL

Depth in cm.




PAONOTEPATINSA npu CA 6L. PROSTATAE




3ALLO TIPOTOHHA TEPATIMS ? ? ?

Additional Dose
Outside the Target

300 — Delivered with Photons

=tk 10 Me V

X-rays

200 (Photons)
150 + Protons
Bragg
= Peak
= 100
= Tumor,
=
a> 50
=
=
Q>
[ = 0
20 300

Depth (mm)



Photon-based Radiotherapy Proton Therapy

Entry Entry
dose dose
&
Tumor : < Tumor

it
dose

l Deposits most of its energy outside the tumor 7’ Deposits most of its energy inside the tumor |

Available on:https://www.iba-protontherapy.com/what-is-proton-therapy
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BepoatHocT 3a TymopeH KOHTpon
(TPC)

Likelihood of Control

Tumour Control Probability Curve

100 %
75%

50 %

25 %

Dose (Gy)




BepoatHocT 3a TymopeH koHtpon (TPC)
U ycnoxHenus Ha 3apasute TbkaHu (NTPC)

Tumour Control / Normal Tissue Complications

100 %
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HAYAJ10 Ha TIPOTOHHATA

TEPATINA

"A man with a vision "

1946 - Prof. Robert Wilson -
Harvard physicist.

d TTpoTOHUTE moraT aa umart
KITUHUYHO NpuUioxeHue.

d MakcumanHa ao3a nbYyeHue moxe
Aa ce peanusupa B Abn60UYUHA.

 TTpoTOHHaTa Tepanus ocurypsea
MAKCUMASIHA 3aWUTAa Ha 34pasuUTe
TBHKAHWU.

Robert Wilson

_:Radic;logiqal Use of F@s:c Proédns ; A

'ROBERT R.

N

R, h Lah sty of Physics, H d Univensity

Cambridge, Massachusetts

Exc_sn FOR electrons, the particles
which have been accelerated to high
. energies by machines such as cyclotrons or
- Van de Graaff generators have not been
directly . used therapeutically. Rather,
the neutroms, gamma rays, or artificial
radioactivities produced in various reac-
tions 'of the primary particles have been
-plied to medical problems. This has, in
"~ e part, been due to the very short
: -ation in tissue of protons, deut- :
» particles from preser-
~r-energy mach?
.= how

per centimeter of path, or specific ioniza-

tion, and this varies almost inversely with

the energy of the proton. Thus the specific

ionization or dose is many times less where

the proton enters the tissue at high energy

than it is in the last centimeter of the path -

where the ion is brought to rest. . 34
These properties .make it possible to

irradiate intere-lv a strictly localized =

regiop * '’ Sebug ity

Radiology 47: 487-491, 1946




Uctopusa Ha TTpotoHHaTa Tepanusa (1)

1938 - HeytpoHHa tepaninsa at Berkeley Lab
(J. Lawrence and R.S. Stone)
1946 - TTpepnoxeHue 3a NpoTOHHA Tepanus by Robert
Wilson in Harvard Cyclotron Laboratory
1954 - TTbpBO KNUHUYHO NpunoxeHue in Berkeley.

1957 - Hauano Ha Esponenckuat onut Uppsalg,
Sweden.

1968 - TTpoToHHa ycTtaHoBka at JINR, Dubna,
Russian Federation.

1969 - TTpoTtoHHa ycTtaHoeka at Mosskow, Russian
Federation .

1972 - HeytpoHHa Tepanusa at MD Anderson, USA.
1974 - pi meson beam at Los Alamos, USA.



Uctopusa Ha TTpotoHHaTa Tepanusa (2)

1975 - TTpoTtoHeH ueHTbp at St. Petersburg,

Russian Federation.
1975 - TTpoToHeH ueHTbp at Harvard.

(pioneers eye cancer treatment with protons)
1979 - TTpotoHeH ueHTBp Chiba, Japan.

1988 - Proton therapy approved by FDA.
1989- TTpoToHeH ueHTbp at Clatter bridge, UK.
1990 - Particle Therapy Cooperative Group.

1990 - First hospital-based facility at Loma Linda, USA.
1991 - TTpoToHeH uUeHTBp at Nice and Orsay, France.



Uctopusa Ha TTpotoHHata Tepanusa (3)
1993 - TTpoToHHa Tepanua at Cape Town, South Africa.

1996 - PSI proton facility at Villigen, Switzerland.
1998 - TTpoTtoHa Tepanus at Berlin, Germany.

2001 - TTpoToHeH ueHTbp Massachusetts, USA.

2006 - TTpoToHeH LeHTBp MD Anderson opens, USA.
2007 - TTpoToHeH ueHTbp, Jacksonville, Florida, USA.
2008 - HeyTpoHHa Tepanus re-stated at Fermilab, USA.

2012 - TTpoToHeH ueHTbp, Prague, Czech Republic.



OpuumanHoto usaaHue
Ha Particle Therapy Cooperative Group

volume 1, issue 1, Summer, 2014 volume 12, issue 3, Spring, 2024

VOLUME ONE / ISSUEONE / Summer 2014

International Journal of
Particle Therapy Part

The official journal of the Particle Therapy Cooperative Group

International Journal of
iche Therapy

> Preliminary Outcomes for Reirradiation of Recurrent Rectal Cancer
» Patient-reported Hip Symptoms after Proton Therapy for Prostate Cancer

> Comparing Proton Therapy and YMAT for Prostate Cancer ~ : -
» A Case of Proton Therapy for Spinal Cord Compression from INTERNATIC ‘

Extramedullary Hematopoiesis

> Proceedings from PTCOG-52 hitp: /theijpt.org/



KnuHuuyHU npeaumctea
Ha NpoTOHHATA Tepanus

 BUCOKA TOYHOCT Ha anuumpaHaTa Ao3a
J BUCOK TYMOpeH KOHTpOn
J He3sHaunTenHU yespexaaHus Ha 34paBmuTe TbKaHU
J nunca Ha CTpaHU4YHU eqeKTU
[ HUCKa BeposaTHOCT (pUCK) OT BTOpUYEH KapLUUHOM

J HenHBasuBHa Tepanus



LleHTbp 3a npoToHHa Tepanus

1 Yckoputen Ha
NPOTOHHU
cCHonose

1 TpaHcnopTHa
CUCTEeMa Ha
NPOTOHHUTE
CHonose

J TTpoueaypHo
nomelleHue

d Gantry

O TTaumeHTHA maca



Yckoputen Ha NpOTOHHU cHomMoBe




TTIPOBET" HA TTIPOTOHNTE BBbB BOAOA

energy range in water
(MeV) (cm)

70 4.0

100 1.0

150 15,5

200 25.0

250 374




C230 key specifications

L1 Compact isochronous cyclotron

L1 235 MeV proton energy
.1 300 nA beam current, quasi-continuous
L1 Typical efficiency : 55 %

Ll Approx. weight: 220 T
! Diameter: 4.3 m

L1 Conventional magnet coil: 1.7 -2.2 T
! RF Frequency: 106 MHz
L1 Dee voltage: 55 to 150 kV peak (b a




TTIPOTOHEH CHOTI

H - KnuHuyeH muweHeH obem




HAYNHN 3A 2OPMNPAHE
HA KINMHWYHUN TTIPOTOHHU CHOTTOBE

. . N
Single Scattering: Delivers a uniform proton dose

in small fields with only one scatterer.

Double Scattering: Accepts any energy at nozzle
entrance within the 70-235 MeV range.

Reduces the distal falloff. Reduces the lateral penumbra
and the radiation level.

—

Uniform Sccmning: The beam spot is moved by
magnetic scanning and allows several mini-irradiations.
Full modulation, field uniformity, very safe treatment.

Pencil Beam Scanning: slice-by-slice irradiation
of the target with millimetre precision.

Primary advantages include: multiple fast repainting,

no use of aperture, no compensator devices, dose
uniformity, intensity modulation (IMPT).

-

Passive

Scaterring

Active

Scanning



®OPMUPAHE HA NMPOTOHHUA CHOIN 3A KIWHUYNHO NMPUNOXEHUE

|. NMacvBeH

range compensator

modulator full dose

| Tegion
P

first second
scatterer

.........
..............

compensated
range modulator



SOPMUPAHE HA TTIPOTOHHWA CHOTT
3A KNMIUHNYHUHO TTPUNOXEHHE

ll. AKTUBHO CKaHUpaHe
(Pensil Beam Scannig)

MILLIMETER PRECISION



/ Pencil Beam




Control room of Proton Therapy Center

ly




PAOUOTEPATINA npu CA GL. PROSTATAE

IMRT X rays Proton Therapy




TTpOTOHHA Tepanus

Papuotepanua npu Cancer Pediatric Decease
(Medulloblastoma)

IMRT ¢ X nbuum

TTpoToHHa Tepanus

HM
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PROTON THERAPY for Lung CA
IMPT_3D IMPT_4D =00,

R e e Y

VMAT IMPT_3D IMPT _4D % of 41.40 Gy

o TT ey *:ﬂl




Proton Therapy/Photon therapy




J TTpoTOHHaTa Tepanua e crneagawata norMyHa
CTBHMKA B pa3BUTUETO HA paanoTepanuaTa,
noaobpsesanku A03HOTO pa3npepeneHue.

 TTpoToHHaTa Tepanus e cepuosHo
NpeAu3BUKATENCTBO 3a NpOPEeCcUoHanNUcTUTE,
paboTelum CbBpeMeHHU POPMU Ha
paanoTepanusTta.

4 [Hec npoTOHHATA Tepanus e aTpakTUBHaQ,
npeumsHa U MoAaepHa opma Ha paanoTepanusaTa.



Scripps Proton Therapy Center, San Diego, USA

"

- XV-uq - T[poml—le 1eH

- 250 MeV

Tbp - 20 despyapu 2014

* 5 Gantries, 5 npoueaypHu nometleHus, 2400 naumeHTU/roanwHO

* UHBecTuumsa - $220 mnH.

Dr. Carl Rossi - "Using pencil beam to treat tumors is like using a

very fine paint brush to apply the radiation, whereas earlier proton
technology is more like using a can of spray paint”.

Available on: http://itnonline.com/article/scripps
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* 112 Universitat Zirich

Fundus of the eye

PRIOR to thera

PAUL SCHERRER INSTITUT

Proton-Radiotherapy: o=

Eye tumors

Fundus of the eye

Py AFTER therapy

Local Tumor Control (at actuarial 10 years and
depending In size and site)

» 98 % (PSI, > 4700 patients)
» 95.7% (MGH/MEELI)

Retention of the eye: depending on tumor size and
location, about 70-97% (PSI)

E. Hug
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NEPCIIEKTUBU 3A PASBUTUE

0 TTocneaHu noctuxeHus B sapeHUTE U UHPOPMALIMOHHUTE
TexHonoruu.

O TTocneaHu noctuxeHusa B CERN.

The recent technical innovations in proton therapy -
modulation of pencil proton beams, intensity modulated
proton therapy (IMPT) and grid proton therapy
(reducing a radiation beam diameter from 1 mm to 25
um) - will allow us to really accurately "paint” the dose to
the tumor and spare critical structures, much as we do
with intensity-modulated photon therapy (IMRT), but
also to further reduce the dose compared to IMRT [1,2].

[1] COMBS, S.E., JAKEL, O., HABERER, T., DEBUS, J., Particle therapy at the Heidelberg Ion Therapy Center
(HIT) / Integrated research/driven university-hospital-based radiation oncology service in Heidelberg, Germany,
Radiother. Oncol. 95 1 (2010 Apr.) 41-44.

[2]LOMAX, T., 6rid therapy: the IMPT approach, 2012

Available from: http://medicalphysicsweb.org/cws/article/research/49072



Future prospects for proton therapy
Mar 5, 2012

"Don't treat tomorrow's patients with yesterday's proton therapy
technology." This was the opening observation from Marco Schippers,
speaking at last week's ICTR-PHE meeting in Geneva, Switzerland.
Schippers, from the Paul Scherrer Institute (PSI) in Switzerland,
emphasized the necessity of developing novel proton therapy
techniques, citing a wish list of "five highs":

higher quality, higher accuracy, higher flexibility, higher intensity and
higher energy.

He also listed one low: lower equipment costs - generally achieved via a
reduction in the size of the accelerator system.

Available on: http://medicalphysicsweb.org/cws/article/opinion/48842



Towards a novel, low-cost PT accelerator

= Lower cost & standardized Proton Therapy System
= Compact treatment room and small footprint

= Shorter installation time on site

= Operator less

* Reduced maintenance

Proteus One : low cost, smaller footprint

(bo.
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Compact Proton Therapy in record time at Aizawa Hospital
The next generation Proton Therapy System is already installed.

Available: http://www.lightions.com/news/compact-proton-therapy-in-record-time-at-aizawa-hospital/9



Sumitomo Heavy Industries, Ltd. (President and CEO: Shunsuke Betsukawa; hereinafter referred to as
"SHI") today announces that clinical treatment started at Aizawa Hospital (Chairman and Director: Takao
Aizawa; hereinafter referred to as "Aizawa") in Matsumoto, Nagano Pref. on September 30, 2014 as the
first proton therapy facility in Koshinetsu region. (10 patients were treated per a day on October 6.)

This proton therapy system has a single gantry treatment room in the world's first vertical
arrangement with a short length compact gantry and a 230Mev cyclotron which enables significant
space saving. This system incorporates Multi-purpose nozzle which enables either conventional broad
beam or pencil beam scanning, depending on treatment planning for a targeted disease.

Furthermore, accurate patient positioning by 2D & 3D image guidance is possible.

Available on: http://www.shi.co.jp/english/info/2014/6kgpsq0000001In0.html
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FIG. 4. (Color online) Measured Bragg peaks of protons and
12C ions having the same mean range in water (Schardt et al.,
2008).



Carbon Therapy - Tepanus ¢ kapboHosu lUoHU
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FIG. 8. (Color online) Measured Bragg curves of 2C ions
stopping in water. From Schardt er al., 2008.
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3 GHz proton standing wave Cell Coupled L inac

CENTRAL
BRIDGE COUFLER
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/
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o

HALF COUPLING

2 HALF—LCELL—FLATES BRAZED
BaCk TO BaCk

Basic unit:
half-cell
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First patient: September 2009

December 2014: 1700 patients

Treatment rooms by
Siemens Medical
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Patient Gantry Roo
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Distribution of the world protons and C-ions therapy centres

#Japan
#China

= South Korea
® Austria

o [taly

s Germany C-IONS
France CENTRES

USA WORLDWIDE
(20; 100%)

0
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Patients treated with protons and C-ions worldwide

Available on: Frontiers in Oncology | www.frontiersin.org 1 July 2021 | Volume 11 | Article
708724 doi: 10.3389/fonc.2021.708724




Patient statistics 2007 - 2022

Patients treated with Protons and C-lons worldwide 2007-2022

PTCOG Particle Therapy Patient Statistics per End of 2023

Update: Per end of 2023 close to 410'000 patients have been treated worldwide with
particle radiotherapy, close to 350'000 with protons, about 56'000 with C-ions and
about 3'500 with He, pions and other particles.

Available on: https://www.ptcog.ch/index.php/ptcog-patient-statistics



55" Annual Conference of the
Particle Therapy Co-operative Group

PTCOGES. Particle therapy: what evidence is necessary for a clinical standard
PRAGUE

2016 ,
22 - 28 May 2016, Prague Congress Centre, Czech Republic
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THANK YOU
FOR YOUR ATTENTION
AND
HAVE A NICE STAY IN CERN!
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