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the same time as they pursue
[ | developments, ATLAS
scientists are taking the knowledge they have

O H a C gained in their ATLAS work and applying it in
I e other fields,

Studies have demonstrated that the transfer
of knowledge from fundamental research
emables high-tech companies to remain on
the cutting edge of innovation and generates
a variety of sodal and economic benefits. it
also has an important impact on our culture
and education. This brochure highlights
several examples that show how work on
ATLAS is being applied elsewhere.

The ATLAS Experiment

CATLAS

EXPERIMENT
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From Physicsto
Medicine

the vision from CERN

by Steve Myers, CERN and Bleddyn Jones, Oxford

CERN's commitment to formalising the transfer of know-
ledge to the field of medicine has been growing over
recent years. In January 2014, the CERN Director General
created an Office for Medical Applications, with the aim of
bringing all the diverse medical physics activities at CERN &
together under a single roof. This is the first time that CERN

has put (into its medium-term) a budget line for medical

applications. It is a small budget line but can be the seed to ,
catalyse further developments and establish collaborations \ )

with other institutes and centres.

After a lifetime on accelerators, Steve Myers took up the
challenge of being the first Head of this office, and appointed
Manjit Dosanjh, who has been co-ordinating ENLIGHT for
more than 10 years, as his deputy. The remit is to apply the
three key particle physics technologies (detectors, large
scale computing, and accelerators) to the field of medicine.

The initial work-plan of the CERN Medical Applications
office includes seven key areas:
+ large scale computing

detectors for medical imaging
radio-isotopes
& new biomedical facilty
optimised design for medical sccelerators
+ simulation and dosimetry 5.

+ applications other than cancer therapy.

A 2-day “kick-off* meeting was held in Divonne (near Gene- P
va) in February 2014, immediately following the ICTR-PHE & 7
conference. This involved 85 international specialists in the 12

fields of interest and resulted in constructive discussions A J'/
concemned with areas where research could imprave thera-
py. Afterwards, an internal CERN Medical Applications Study
Group (CMASG) was formed, with representatives from the
seven initiatives, to make further interactive progress.

N N> )

Acknowledgments to Highlights, Febr'ar'y 2015



CbAbPHAHUE

. HykKneapHa luarHoCUTKa
PET/CT - Positron Emition Tomography/
Computer Tomography (Xubpudern anapam) - pusuveH npuHyun
Ha delicmeaue.

Il. Proton Therapy - [IpomoHHa mepanusa




I. PET/CT - Positron Emition Tomography/
Computer Tomography ( XubpuaeH anapar)
- (PU3UYeH NpUHLUUN Ha AeUucTsue.



http://www.google.bg/url?url=http://www.24farm.ru/diagnostika/rentgenografiya/&rct=j&frm=1&q=&esrc=s&sa=U&ei=hVhHVaWMFuq17gbcu4HgBw&ved=0CBsQ9QEwAzhkahUKEwjl4uOz_qfFAhXqmtsKHdxdAHw&usg=AFQjCNEE4Q9BNGWwAng07hnBbd50e2875A
http://www.google.bg/url?url=http://www.24farm.ru/diagnostika/rentgenografiya/&rct=j&frm=1&q=&esrc=s&sa=U&ei=hVhHVaWMFuq17gbcu4HgBw&ved=0CBsQ9QEwAzhkahUKEwjl4uOz_qfFAhXqmtsKHdxdAHw&usg=AFQjCNEE4Q9BNGWwAng07hnBbd50e2875A

Bene diagnoscitur,
bene curatur

[lpasusiHa duac2HOo3a —
_ycreuwHo Jsie4yeHue.

JduazHocmu4yHume Mmemodu ca 8UCOKO egheKmueBHU,
Ko2amo Mo2am 0a rnoeJsiusisim ebpxy meparnesamu4HOmMo
rnosedeHue rnpu nayueHma.



HykneapHaTta meanuunHa

— Hau - Obp30 pa3BMBaLlaTa ce odbpa3Ha cneuunanHocCT
(Mo3nTpoHHO — emucuoHHaTta Tomorpacus (MET) - BUCOKO TeXHONOrM4Ha gEeuHOCT)

0O HoB noaxoa B no3HaHMeTO 3a buonormsata n dpyHKUMOHaNHaTa akTUBHOCT Ha
TYyMoOpuUTe - noaoobpsaBaHe Ha KOMMNNeKCHaTa AMarHoCTUKa M neYyeHue Ha
OHKOJIOrMYHUTE 3abonsiBaHuUSA.

0 HykneapHo - MeAULIMHCKUTE METOAM UMAT MO - HUCKA pasdenuTenHa cnocobHOCT,
HO BMCOKa crneLmdrUYHOCT 1 N300pa3sBaT OMONOrM4HOTO NnoBegeHue - PYHKLUATA
Ha nscneaBaHUs opraH U HeroBusa MeTabonussbLM, Npeauv nosiBaTa Ha
CTPYKTYPHU NPOMEHMU.

J AHaTOMO - CTPYKTYPHUTE NPOMEHU Ha nU3crneagBaHUTeE OpraHn ca rnpuopuTeT Ha
ocTaHanute obpasHn METOAN: KOHBEHLUMOHANHA PEHTrEeHONornsi, KOMMNITbPHA
peHTreHoBa Tomorpadmsa (KT - CT), agpeHo marHuTeH pesoHaHc (AMP — MRI) -
BUCOKA pasgennrenHa CnocobHOCT U HUCKa cneundmnyHOCT.

AMP
Ro rpachums




d NMo3nTtpoHHO emucuoHHaTta Tomorpacdpma (PET) e yrBbpaeH
METOO B HyKMeapHaTta MeguvumMHa C  LUPOKO TMPUSIOXKEHUE B
CbBpEMEHHATa  OHKOmMorud, ro3BofsABall,  W3CNeaBaHETO  Ha
dyHKUMATaA n meTabonnama Ha OpraHuTe.

J ToBa no3BonsgBa paHHA OUEHKa W AOWMarHoCTUKa Ha
CbCTOAHMETO Ha OpraHuM3mMa, MHOro npegou nosABaTa Ha
aHAaTOMWUYHU U3MEHEeHUA B AaneH opraH. Kato BCcSAKO HykreapHo-
MEOULUMHCKO Wn3crneaBaHe METOAbT € CBbp3aH C 6EHO3HO
UH)XeKmupaHe Ha HUCKU aKTUBHOCTU paaANOaKTUBEH MaTtepuan —
pagmnodapmaueBTuk (185 — 740) MBq - (140uCi/kg).

d lNpn kombuHaumsa Ha PET c¢ komniooTbpHa TOoMmorpadua CT
(CKeHep) ce nony4vyaBa e€OuvH M3UAN0 HO8 U cbepeMeH Memod 3a
dua2HOCMuUKa, Hape4eH NMo3UuMmpoHHO eMUCUOHHAa KOMMIOMbPHAa
momoezpacusi (PET/CT).




KonBeHuuoHaneH PET CkeHep

Parkinson

Pre
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[Mo3nTPpOHHO eMmucnoHHaTta Tomorpadusa (MET)
PET — Positron Emition Tomography

MpuHUuMN HA gencrTeue:

U3non3Ba ce NO3NTPOHHOTO Nb4YeHue oT B * npeBpbLUAHETO
HallC 13N 150 18 F

Te3u PAaANOHYKITIUAN Ce NnoJsiydaBaT KaTO NMpoAYKTU Ha AOPEHU
peakunm npotnyvdauium B AAPeHN CbOPBXKEeHUA - LUKITOTPOHM.

AHUXUNALUOHHOTO Y NMbYeHue, Nosly4eHo Npwu
B3aMMOOEUCTBUETO Ha MO3UTPOHUTE OT
paguodapmaueBTUKA C eIeKTPOHU OT uscriegBaHuUTe
TbKaHM ce perMcTpupa ChHC CLUMHTUNALMOHHUN OETEKTOPMU,
HamMupaLiu ce OKOJo TANOTO Ha NnauueHTa.




MAIHUTHO
NOJE

1. MonyyaBaHe Ha paAnOaKTUBEH M30TON
(mapkep) = paguodpapmauesTmk

Electromagnet
South pole

(Radioactive glucose\

“t 2

MAPKEP



2. UHXXeKTnpaHe Ha nauumeHTa

PaguoakTMBHUAT U30TON ce HaTpynBa B Ta3u 06y1acT Ha OpPraHU3Ma, KbM
KOSITO MapKepa MMa XMMU4YeH Unm metabonuteH adouHUTET.

)
Radioactive glucose




3. OcbujecTeasaHe Ha (PUUYHOTO B3aUMoOAeUucTeUue

esfleKTpOH - NO3UTPOH
.qBCl POTOHA AHUXUNALUOHHO ama JibYeHue

Gamma ray \
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4. leTeKTUpaHe Ha aHUXUNALUNOHHO NTbYeHUe

[NeTeTOopuTe paboOTAT B CXeMa Ha cbBnageHue

Coincidence
Processing Unit

—

>

Sinogram/
Listmode Data

Annihilation Image Reconstruction



PET PagnodapmaueBTULN

Hyknuod | lepuol Ha Mapkep [NpunoxeHue
rnosnypa3srnao
- T1/2
O-15 2min 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 | Neuroendocrineimaging
Rb-82 |72 sec Rb-82 Myocardial perfusion




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

CH,HO

(0)
HO \ y
OH

HO
OH

glucose

CH,HO

(0)
HO \
OH

HO

18F

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

Hawn — wunpoko
U3nosni3BaHus
paanodapmaueBTUK

AHanor Ha rnkKo3arta

[loBe4yeTO TYyMOpU Cca CbC
CUNHO NOBMULUEH
rMOKO3eH MeTabonuabum



[lony4yaBaHe Ha FDG

0 bobmapaupaHe Ha nogxoasiia MULLeHa BoAella
Ao nosiyyaBaHe Ha 8F.

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

0 18F — xumunyeH mopyn (synthesis module), kbaeTto
ce OCblUyecTBABAT peaKkLuuu Cc NoBeYeTO peareHTH,

Taka 4Ye ga ce nony4u fluorinated deoxyglucose —
FDG.

QO Moayn (KayecTBeH KOHTPOJ1) Ha CUHTEe3upaHe
o0XxBaLla HAKOJIKO CTbIKU KaToO HarpsiBaHe,
uscrtyasBaHe, omntpupaHe, XMMU4YHO
npevyncrtBaHe n cTepunmnsnpaHe.



S
Manufacture of 18F

® Proton is accelerated
® Strikes 180 target

®* Merges with 180

® Neutron ejected

18~ . 1 18, 1
30 T1p > F+n

B



Principal PET radionuclides

Radionuclide T Nuclear reaction
Carbon-11 20 min YN(p,a)H1C
Nytrogen-13 10 min 180(p,a)*N
Oxygen-15 2 min N(d,n)>0
Fluorine-18 (18F,) 110 min 2ONe(d,a.)*8F

* Light nuclides

* Fundamental elements for organic Chemistry
* Potentially, every biochemical process could be traced

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




The PETtrace cyclotron

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




Beam acceleration

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







MOVl - CUHTES3




PAONOXUMUYHA TTABOPATOPUAS




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
* 9.15: 11C Choline / Methionine QC completed,; first patient dose dispensed

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




Principal models of cyclotron for biomedical uses

Cyclotron Emax Particles | max N. Max Dual lon Self
(MeV) (microA) | Targets beam Source Shield
Advanced 19 H- (D- 150 8 Y = opt
TR19 opt) filament
Siemens 11 H- 80 8 Y Int, Y
Eclipse filament
GE 10 H- 60 6 Y (2° Int, PIG Y
MiniTrace target
fixed)
GE 16.5 H- (D- 80 6 Y Int. PIG opt
PetTrace opt)
IBA 18 H- (D- 80 8 Y Int. PIG opt
Cyclone opt)
18/9

Azienda Ospedaliero — Universitaria di Bologna

Policlinico S. Orsola - Malpighi




OETEKTUPAHE HA ®OTOHUTE NMNONYYEHU NP AHUXUTTALUA

[leTekTupa ce aHNXMMaUMOHHO NbYeHne nonyyasaHo npu
B3aMMOOENCTBUETO Ha NO3UTPOHUTE N3NMbYEHU OT pagnodapmauedtunka, c
eNeKTPOHN OT N3cneaBaHNTE TbKaHMW.

~ Molecular probe

Radioisotope®’C S

B > - -
o Decay -

l(b) .

Gamma-ray

y/ Positron
Vd
/ ‘ Electron

Gamma-ray Correlator




Full Ring Detector System

O [letekTOopHAaTa cUTeMa e CbCTaBeHa
OT MHOXeCTBO CLUHTUNALIUOHHU
AETEeKTOpU - MAaJIKU Kpuctanu
(NaI(Tl)) , (BGO) HapeneHu nnbTHO
eAVvH A0 ApPYr NO OKPBbXHOCT, BCEKU
OT TAX CBbP3aH C (POTOesIeKTPOHeH
ymHoxuten (ZEY).

Block
detectors

O Korato rama KBaHT nonagHe B
kpuctana (NaI(Tl), (B6O) Ha
AeTeKTopa ce MOoSBABA CLIMHTUNALUMUS
(u3cBeTBaHE), OTAeneHUs POTOH
nonaaa BbB (POTOESIeKTPOHeH
YMHOXUTeNn Kbaeto ce npeobpasyea B
eneKkTpudeH curHan.

O[etetopute paboTar B cxema Ha
cbBnageHue no Bpeme.

OOTCHTBUETO HA POKYCUpaLLU
KOIMMATOpU Ha AeTeKkTopuTe, Npasu

MeTOoAa MHOro 4vyecrteButesneH

&)



PET - MNpuHuun Ha getekTupaHe: MdeasieH cny4au




Q TTonyyeHuTe curHanu ce obpaboTear oT copTyep (asIropUTsm

“obparHa npoexyms”), B pe3ynTaT ce nosydasa obpas usobpassaealy
NOKANU3ALUUATA U KOHLIEHTPAUUATA Ha CHOTBETHUS

paavodpapmauedPpTuKk, U3ITOYHUK HA NO3UTPOHU B U3CneanBaHUA




PeHTtreHosa KomnioTbpHa Tomorpagpus
Computer Tomography (CT)




PeHtreHoBa KomntotbpHa Tomorpagpus - CT

0 AHATOMUYHGA
CTPYKTYpa

A TTo - pobpa
pesontoumsa ot PET

A Jobpa pasnmka mexay
KOCTHA U MeKa TbKaH

0O He moxe aa
AngpepeHumpa
AKTUBHOCTTA Ha
3abonasaHUaTAa




PET/CT Tomorpagpus

O KomMbuHupaHe Ha
dyHKLMOHaANHaTa
MHopMaLumsa C
aHaTOMMUYHUTE
aeTaunnu.

2 ToyHa aHaTOMMYHA
perncrTpauus.

| 0 Bucoka anarHocTtn4yHa

: / TOYHOCT cnpamo PET
wnu CT nanonssaHu No
oTAersHo.




PET/CT Scanner

CT unit PET scanner

&)



PET/CT — XuopugeH anapar - hMsmyeH npuHUMN Ha gencreue

PET & CT B eAHO reHTpM

—d 1 A B
! Yy | i \H["j -
g& & ARTES YOI TS -

oy R SN YA -

2000r. — g-p David Townsed naTteHTOBa TeEXHU4YE€CKOTO
n3obpeteHune

2003r. — BIDMC e nbpBaTa bonHuua B Massachusetts, USA
uHcTtanupana PET/CT



PET/CT U3cnenBaHe

(b)

A 4

MauuneHT B No3uuma # (a) — NauneHT B EE?I_“'-'M" #b)- “

OBeTte VI3C.I'FE-EI,BaHVIﬂ ceé N3BbLpuBaT nocrnenoBatTesyiHO BbB BpeMeTO.

NMauneHTHLT He ce ABUXM NO BpeMe Ha ABeTe uscnenBaHus.
MauymeHTHaTa Maca ce npuaBuXxBano ocrta Z, no gedomHupaHa u
KOHTpPONMpaHa nocoka.

KaTto pesyntat obpa3sute ot CT u PET ce HacnarBaT u ce nosriy4yaBa
o0ennHeH obpa3 oT NPoBeAEHOTO U3cnenBaHe.



PET/CT scan protocol

CT scan \I ‘
] 1.

e |

topogram spiral CT

M

Fusion

CT FPET attenuation correction

«0»
e Gl e

1 —

- ' i
l L m— | =<construction ) T
SRR / CT ‘

A fused image
FET FPET image

KomnioTepHUat Tomorpad (CT) npu PET/CT ce npunara 3a KopeKkuus
Ha oTcrnabBaHeToO Ha Y MbYeHMEeTO N KaTo aHaTOMUYHa MaTtpuua 3a
n3oobpassiBaHe Ha TOYHaTa nokKanusauuma Ha YHKUUOHAaJIHO
npomMeHeHuUmMe rnamosio2u4yHU o2HuUWa, 3r1oKadecmeeHu mymMmopu u
mexHume Memacmasu.







OBPA3U HA PA3JINYHA HYACTU OT HOBELLUKOTO TAINO

PMX maBa u WLua NTumdom

PET

PET/CT




Heobxoammo BpeME 3a nacreagBaHe Ha

[laumneHT
[TarmmeHTsT MOXKE J1a
ITounBka cr ce o0mua u
scan pexuaparupa
0 50 60 65 100
T P11 I mins
Huocexkmupane HarmenTST € © PET scan

M3IpPa3HEeH
MMUKOYEH MEXY]P

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




KnuHuyHo TTpunoxeHue

+ OHKOnorus
- Kapauonorus
* Hesponorus
Kapauonorus
5%
OHkonorus
85%

Hesponorua 9%




Pona B OHKoONnornaTta

a dudepeHumnpa
OEHUrHeHuTe oT
MarnUrHeHuTe

3abongaBaHng

a CtagupaHe Ha
3abongaBaHuaTa

a PesynrtatwT OT
NeYeHneTo

a [NoBToOpeHue Ha
3abonsiBaHETO
/peunans/

3 lNMpunoxeHne npwu
JTbyeTepanumara




B OHkoOnornsita

lTocTaBsiHe Ha AMarHo3a —
BV|3yan|/|3au,|/|;| Ha KN3HEeHOCTTAa Ha
TYyMOpa, HEroeutTe MmeTacta3n Uin
peungneu

Mpu TymMmopun ~ 1cm

cpenHa YyBCTBUTENMHOCT 95%*
(91% - 100%)

cpenHa cneundmnyHocTt 90%*
(85% - 100%)

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



B KAPOAUOINOIMATA

0 mnarHo3a u oueHKa TexecTrTa Ha HapyLueHUusTa B
KpbBOoopocsiBaHeTO (nepdy3naTa) Ha MMoKapAaa.

Qa 0npe.qen;|He BUTAJIHOCTTA Ha MUOKapAa.

0 ObekTBHa MHdopmaumsa 3a rnodanHaTta n permoHanHara
dyHKUUA Ha NaBaTa Kamepa.

0 OnpepensiHe cTeneHTa Ha pUCKa OT HOBU UCXEMUYHU
UHUUOEHTMW.

d MNMpocneasBaHe edekTa OT TepanuaTa (MeAUMKaMEHTO3Ha,
KOpOHapHa aHruonnacTtuka m 6amnac).

0 EaHoBpemMeHHa nHdopmauusa 3a KpbBOOPOCABAHETO U 3a
dyHKUMATA HA MUOKapAaa.



EaoHoBpeMeHHa MH(opMaLus

3a KpbBoopocsiBaHeTo(nepdy3usTa)
n 3a PyHKLUUSATA HA MUOKapaa

LY volume (ml)

Ly Volume {ml}

n
[}

o

.

1

-

o
=

o

2034 5 6 7 8
Frame Number

Stress Rhb

s

12 3 4 5 B 78
Frame Mumkbker

2 /18 /2005
767 (RO)
167 ml

40 ml
127 ml
153 gm

~tress Rb:
EF

EDV

ESV

SV

Mass =

gates in cine: &

dApaX
Rest Eb:
EF
EDV
ESV
SV
Mass

2/18/2005
707 (RO
144 ml
44 ml
100 ml
157 gm

Estimated % Thickening
> 407
25% == 40%
10% =>» 257
0% == 10%
—10% => 0%
< =107

base
Estimated % Thickening
= 407%
25% == 40%
10% == 25%
0% == 10%
—10% =»> 0%
< —10%




B HEBPOJIOIMUATA

1 JJoka3zBaHe Ha pa3fiM4HU cbAOBU 3abonsBaHUA.

d JlokannaunpaHe Ha enUNeNnTUYHOTO OrHULLE.

d AundepeHumnpaHeTo Ha gumeHumute (bonect Ha
Anuxaumep).

U BusynuanpaHe Ha TymMopuTe B crniy4yauTe Ha HesiCHa
HaxoAkKa oT Apyrute obpasHun meToaum.



B HEBPOINOI'NATA

Cnepn HopmaneH BonecTtra ]
TpaBMa obpa3s Ha Anuxanmep



AHaTOMWUYHU OOpa3un

DyHKUMOHaNHM OOpa3un

OGepnHaBa npeguMcTBaTa

. OTnuyha BrcokKa 4yBCTBUTETHOCT U Ha ABeTe TeXHUKN:
peaAnMCTBa NPOCTPaHCTBEHa KONMMYECTBEHOCT. YYyBCTBUTEITHOCT,
pe3onouus, npeLm3Ho cneumncdnyYHOCT 1
NO3NLMOHUPaHe. CrapnpaHe v KOHTPON Ha KONMYeCTBEHOCT.
3abonsiBaHuATA.
HenocTaTLum OrpaHuyeHa OrpaHuueHa MaumeHTbTNOrNBLLYA
4YyBCTBUTENHOCT NPOCTPaHCTBEHa
npu ctaaupaHe. pesontoums [03a MbYEHNE 2272 cuvuns
AHATONS MeTabonutHa HacnarBaHe Ha
Ob6pasu }T"BHOCT MeTaBonNTHM n
™ V'e adaHAaTOMUNYHU

AaHHU

MpoaykmBHocT ~ 4-5[aumeHrta/vac

~ 1 MauumeHT/yac

~ 3 MauumeHTa/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 5
(600 MBQq)
F-18 FDG

550 70
(350 MBQq)

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

&)



NnPU4NHU 3A OT'PAHUYEHO PA3MPOCTPAHEHUE

1 Bucoka ueHa Ha anapartypaTta

0 HeobxoAMMOCT OT LIUKIOTPOH, KOUTO Aa npousBexaa
KpaTKOXUBeeLLn paguoHyKnmau

4 CneuunanHo apganTtMpaHa anapaTtypa 3a XMMU4YeH CUHTe3
N KOHTPON Ha u3nons3BaHuTe paguodapmaueBTULMN

d Hanuune Ha paguoxuMmuyHa nabopartopma

1 NMomeLweHnsa cbC CbOTBEeTHUTE NMbuYe3alnTHU
U3NCKBaHUSA 3a NepcoHasn u HaceneHue



TTuoHepu 8 PET anarHocTtukara

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 CobluecTByBaHeTO Ha NO3uTpoHa, Paul Dirac

1930 LiuknotpoH, Lawrence et al.

1932 ExcnepumeHTtanHo HabnoaasaHe Ha NO3UTpoHa, Carl Anderson
1953 HetexktupaHe Ha aHuxunaums, Brownell & Sweet

1975 TpaHcakcuanHa Tomorpagpusd, Ter-Pogossian, Phelps & Hoffman

1977 14C deoxyglucose, Sokoloff et al.
1979 18FDG PET, Relvich et al.
1980 - te  MHorocpesosu CT & PET uuknotpoHu

1990 - te  KnuHW4HO npunoxeHue Ha PET

2000 - te PET/CT

2010 GE wHcTtanupa nbpeuat PET/CT + MR o6pasHa cuctema B
niversity Hospital Zurich (Nov 2011)



Neuro Cardio
PET/MR fusion cEL o

e Using CT as a bridge between PET & MR

R 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 introduced Vereos PET/CT, the first digital
PET/CT (positron emission tomo scanner, at the 2014 annual
meeting of the Society of Nuclear Medicine and Molecular Imaging (SNMMI) in St. Louis.

Philips Highlights Vereos Digital PET/CT at SNMMI

m 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.

[ Explore 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.htmI?


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

Kbae moxe aa 6bae otkput PET/CT?

YMBAJ1 "Ceema MapuHa ” - BapHa YMBbAJ1 AnexcaHaposcka - Cogus




II. Proton Therapy - TIpoToHHa Tepanus

»

"Wla_‘

QA

Limit Radiation Dosage with Protons


http://www.google.bg/url?url=http://www.syner.cz/portfolio/proton-therapy-centre/?lang=en&rct=j&frm=1&q=&esrc=s&sa=U&ei=KW1IVaDUKNKu7AakrYHQAw&ved=0CC0Q9QEwDDgoahUKEwjgjMSdhqrFAhVSF9sKHaRWADo&usg=AFQjCNEtg_59UYoGUXlqEfKdXS5yq4ijMg
http://www.google.bg/url?url=http://www.syner.cz/portfolio/proton-therapy-centre/?lang=en&rct=j&frm=1&q=&esrc=s&sa=U&ei=KW1IVaDUKNKu7AakrYHQAw&ved=0CC0Q9QEwDDgoahUKEwjgjMSdhqrFAhVSF9sKHaRWADo&usg=AFQjCNEtg_59UYoGUXlqEfKdXS5yq4ijMg

PAONOTEPATINS
(Tepanusa ¢ MoHU3UpaAWM NbYeHUs)

OcHosHa uen:

INTukBMAUpaHe Ha XU3HecnocobHOCTTA Ha TYMOPHUTE KNeTKU B AafeH OpraH unu
CUCTeMa Ha YOBeLKOTO TAN0 Ype3 ansimumpaHe Ha HeobxoAaMMaTa KaHLepuUuaHa
A03a NpU MUHUMANHO 06nbYBaHe Ha 3aobukanawmte ObnacTTa NoAnexala Ha
NMbyeneyenue /OTINT1/ 3apaBu OpraHU U TbKAHW.

ITocrurare yHuwoxasaHeTo Ha TyMOpHUA ripoluec be3 Aa ce ripuvmHIBar

YBPpEXAAQHNA Ha OPpraHnu3Imm.

PAOUOTEPATINA
Xupyprus | Xuvumuotepanus




Hippocrates' words

PRIMUM NON NOCERE!

INexysau, HO He yBpexaau!



Buaose WoHusupauwm JueHus

Radiations

l l

Electromagnetic Particles

l l

! ! ! !

Non-ionizing indirectly ionizing  charged uncharged

» Radar X-rayse 5 a-parFiclles- neutronse
: y-rayse —-particlese

> Radio B*-Earticles-

> IR (heat) \__ Protonss /

» Visible Y

» ultraviolet Carry enough energy which if deposited

In matter can produceions



UcTopua Ha Paaunortepanusara

1895 - OtkpueaHe Ha X nbum - Vilhem K. Roentgen.
1898 - OTtkpueaHe Ha Radium - Maria Curie.

1928 - H&N Cancer KnUHUYHU pesynTaTu.

1950 - Hayano Ha paguotepanuaTta ¢ y nbum (Co-60).
1954 - Hayano Ha npotoHHaTa Tepanusa at Berkeley.
1961 - Linear Accelerator (LINAC) at Standford,
USA.

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

1971 - Copmuted 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

3. Skin reference marks
2 Tumnur Incallsatmn Aﬂr“

=
ﬂ“?a




CbBpemeHHa paaunoTtepanus ¢ X rays

VARIAN Linac
Xrays



NuHeeH Yckoputen ¢ MLC




TTpoHukeaTenHa cNOCOBHOCT HA POTOHHUTE NTbYeHUs B
3aBUCUMOCT OT EHeprusara

100

All Field Sizes = 10x10 ¢m

&0

60

% Depth Dose

T EXTERMAL

Depth in cm.




PALIMOTEPATIVNS npu CA GL. PROSTAT

L Gl 4

e \



http://www.google.bg/url?sa=i&rct=j&q=radiotherapy+treatment+plan+for+prostatectomy&source=images&cd=&cad=rja&docid=_NooFhMPDRTL1M&tbnid=DGbECwUMK-znjM:&ved=0CAUQjRw&url=http://www.indiasurgerytour.com/treatments/cancer/india-intensity-modulated-radiation-therapy.html&ei=crbuUau5K-KM0AWG6oFQ&bvm=bv.49641647,d.ZG4&psig=AFQjCNGqA6pEFenP-UpnRN4zDOC5ISfoDg&ust=1374683848658391
http://www.google.bg/url?sa=i&rct=j&q=radiotherapy+treatment+plan+for+prostatectomy&source=images&cd=&cad=rja&docid=_NooFhMPDRTL1M&tbnid=DGbECwUMK-znjM:&ved=0CAUQjRw&url=http://www.indiasurgerytour.com/treatments/cancer/india-intensity-modulated-radiation-therapy.html&ei=crbuUau5K-KM0AWG6oFQ&bvm=bv.49641647,d.ZG4&psig=AFQjCNGqA6pEFenP-UpnRN4zDOC5ISfoDg&ust=1374683848658391
http://www.google.bg/url?sa=i&rct=j&q=radiotherapy+treatment+plan+for+prostatectomy&source=images&cd=&cad=rja&docid=lTZHS04y911qEM&tbnid=D82a9PYLSngoSM:&ved=0CAUQjRw&url=http://www.cchosp.com/cchpage.asp?p=1452&ei=9LbuUbWiA8PH0QXw9oDADQ&bvm=bv.49641647,d.ZG4&psig=AFQjCNGqA6pEFenP-UpnRN4zDOC5ISfoDg&ust=1374683848658391
http://www.google.bg/url?sa=i&rct=j&q=radiotherapy+treatment+plan+for+prostatectomy&source=images&cd=&cad=rja&docid=lTZHS04y911qEM&tbnid=D82a9PYLSngoSM:&ved=0CAUQjRw&url=http://www.cchosp.com/cchpage.asp?p=1452&ei=9LbuUbWiA8PH0QXw9oDADQ&bvm=bv.49641647,d.ZG4&psig=AFQjCNGqA6pEFenP-UpnRN4zDOC5ISfoDg&ust=1374683848658391

3ALLO TIPOTOHHA TEPATIUA ? ? ?

Relative Dose (%)

300

250

200

150

-t
Qo
Q

)
Q

o

Additional Dose
Outside the Target
Delivered with Photons

10 Me V
X-rays
(Photons)

50 100 150 200 250 300 350 400
Depth (mm)




PUIUYHU aprymMeHTU 3a U3NOoN3BAHETO Ha
NpOTOHHUTE CHOMoOBe B paAuoTepanuaTa

Q obpaTeH Npopun Ha AO3HOTO pa3npeneneHue B AbN6oYMHa T.e.
yBesniM4yaea ce npeaajeHara eHeprus ¢ NpoHUKBAHETO B
AbnboumHa (asneHueTo Bragg peak)

O HUCKGQ UOHU3ALIUOHHA CMOCOBHOCT

Additional Dose
Qutside the Target
Delivered with Photons

10 Me V
X-rays
(Photons)

100
Tumory,
50 [
1 ]

50 100 150 200 250 300 350 400
Depth (mm)

O eHepreTuyHO moaynupaHe Ha Bragg peak - =
nonyJaeaHe Ha (Spread-out Bragg Peak)

Relative Dose (%)

4 3HaYUTEeNNTHO 3anasBaHe Ha KOXHUA emekT

o

d TAaCHa NoJNyCaHKa

Q 3a0paBuUTE TbKaHW NoryyaBaT 3HAYUTENHO MO-HUCKa A03a OT
00nbYBaHMA TYMOpPEH 0bem



BeposatHocT 3a TymopeH KOHTpon
(TPC)

Likelihood of Control

Tumour Control Probability Curve

100 %
75%

50 %

25%

Dose (Gy)




BepoatHocT 3a TymopeH KOHTpon (TPC)
u ycnoxHerus Ha 3apaeute TokaHu (NTPC)

Tumour Control / Normal Tissue Complications

100 %

75 %

Therapeutic.
Index

50 %

Likelihood of Control
Likelihood of Complications

25%




HAYAJIO Ha TIPOTOHHATA
TEPATINA

"A man with a vision "

Q 1946 - Prof.Robert Wilson -
Harvard physicist.

Q TTpoToHUTe morat aa umat
KITUHUYHO NpUNoxeHue.

O MakcumanHa 4o3a nbyeHue moxe
[a ce peanusuvpa B AbnbouvmHa. Robert Wilson

Radiological Use of Fast Protons

QO TTpoToHHaTa Tepanus ocurypsea e ta e et
MGKCMMG'HHG 30"”‘“1-0 Ha 3‘£lpaBMTe XCEPT FOR clectrons, the particks per centimeter of path, or specific joniza-

T"b KGH M energics by machines such as cyclotrons or  the energy of the proton.  Thus the specific

. Van de Graaff generators have not been  jonization or dose is many times less where
directly . used therapeutically.  Rather, the proton enters the tissue at high energy
the neutrons, gamma rays, or artificial than it is in the last centimeter of the path -~

radioactivities produced in various reac- where the ion is brought to rest

| splied to medical problems. This has, in  irradiate inter~Iv a strictly localized
© e part, been due to the very short regiop * 7 Siaet “Marty
=ition in tissue of protons, deut” . X
» particles from preser
sr-energy mach?

> Radiology 47: 487-491, 1946

tions of the primary particles have been  These propertics make it possible to  *




Uctopua Ha TTpoTtoHHaTa Tepanua (1)

1938 - Heyrporra reparima at Berkeley Lab
(J. Lawrence and R.S. Stone)
1946 - TTpennoxeHue 3a NpoToHHa Tepanus by
Robert Wilson in Harvard Cyclotron Laboratory
1954 - TTvpBO KNUHUYHO nNpunoxeHue in Berkeley.
1957 - Hauano Ha Eeponenckuar onut Uppsala,
Sweden.
1968 - TTpoToHHa ycTaHoska at JINR, Dubna,
Russian Federation.
1969 - TTpotoHHa yctaHoeka at Mosskow, Russian
Federation .
1972 - HeytpoHHa Tepanua at MD Anderson, USA.
1974 - pi meson beam at Los Alamos, USA.



Uctopua Ha TTpoTtoHHaTa Tepanua (2)

1975 - TTpoToHeH 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 LeHTBp at Clatterbridge, UK.
1990 - Particle Therapy Cooperative Group.

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



Uctopua Ha TTpoTtoHHaTa Tepanua (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 ueHTBp MD Anderson opens, USA.
2007 - TTpoTtoHeH ueHTbp, Jacksonville, Florida, USA.
2008 - HeytpoHHa Tepanus re-stated at Fermilab, USA.
2012 - TTpoToHeH UeHTBp, Prague, Czech Republic.



INJEVEINIVETINEVE I GERVITTIGVI DA

Ha NPOTOHHATa Tepanus
0 BUCOKA TOYHOCT Ha anuvuupaHaTa Ao03a
0 BUCOK TYMOPEH KOHTPO/

d HE3HAUUNTENTHU yBpeXaaHUd Ha 34paBUTE
TbKadHW

Q iMnca Ha CTPaHU4YHU e eKTH

O HUCKa BEpOSATHOCT (pUCK) OT BTOpUYEH
KapLUMHOM

d HEMHBA3MBHa Tepanusd



LleHTHLp 3a NpOTOHHA Tepanua

Yckoputen Ha
NPOTOHHMU
CHOMnoBe

TpaHcnopTHa
cuctema Ha
NPOTOHHUTE
CHonose

[MpouenypHo
nomMeLlieHune

Gantry

[TaymeHTHa maca



YckopuTten Ha NPOTOHHU CHOMOBE




TTPOBEI HA TTIPOTOHUTE BBbB BOAA

energy range in water
(MeV) (cm)

70 4.0

100 7.6

150 15.5

200 25.6

250 374




C230 key specifications

L1 Compact isochronous cyclotron

L1235 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
.l RF Frequency: 106 MHz
L1 Dee voltage: 55 to 150 kV peak (b a




TTIPOTOHEH CHOTI

H b ” KnuHuyeH mulieHeH obem



http://www.google.bg/url?sa=i&rct=j&q=treatment volume for radiotherapy in patient body&source=images&cd=&cad=rja&docid=NpgmvPQJJoPDrM&tbnid=x6BcnyGHvCkHkM:&ved=0CAUQjRw&url=http://apps.pathology.jhu.edu/blogs/pancreas/?p=7&ei=FRfsUcahPKiX0AXpmoCQDg&bvm=bv.49478099,d.ZG4&psig=AFQjCNH0GDJfPpQjGWnYD5qGRZoruUD5CQ&ust=1374513242464515
http://www.google.bg/url?sa=i&rct=j&q=treatment volume for radiotherapy in patient body&source=images&cd=&cad=rja&docid=NpgmvPQJJoPDrM&tbnid=x6BcnyGHvCkHkM:&ved=0CAUQjRw&url=http://apps.pathology.jhu.edu/blogs/pancreas/?p=7&ei=FRfsUcahPKiX0AXpmoCQDg&bvm=bv.49478099,d.ZG4&psig=AFQjCNH0GDJfPpQjGWnYD5qGRZoruUD5CQ&ust=1374513242464515

HAYNHN 3A EOPMHNPAHE
HA KINNMHNYHA TIPOTOHHWN 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 Scanning: 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 KNMHNYUHO NPUNOXEHUE

. AKTUBHO CckaHupaHe
(Pensil Beam Scannig)

MILLIMETER PRECISION




Control room of Proton Therapy Center

"|.




PAOUOTEPATINA npu CA GL. PROSTATAE

IMRT ¢ X nbum Proton Therapy
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TTpOTOHHA Tepanus

Paauotepanua npu Cancer Pediatric Decease
(Medulloblastoma)

IMRT ¢ X nbum

TTpoTtoHHa Tepanus




PROTON THERAPY for Lung CA

A Comparison of Radiation Treatment Plans for Lung Cancer

Extra radiation delivered
with X-ray/IMRT

e
o1
A A

S B

TR

.

45% more 30% more 16% more
than protons than protons  than protons




INTERNATIONAL

S uRNAL Particle therapy statistics in 2014

THERAPY

Figure 1. Facilities in clinical
operation and the number of
patients treated from 1955 to
2014.
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Ref.: PTCOG, 2015



Particle therapy statistics in 2014

Figure 3. Patients treated with
proton and carbon ions
worldwide.

120000

—
§
o

80000

Patients Treated with Protons and C-ions Worldwide

Total number of patients (cumulative)
s o)
o
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o

:

s \World, Protons

e \Norld, C-lons

Ref.: PTCOG, 2015






Figure 4. Pie charts depicting Patients Treated with Particles 1954-2014 Patients Treated in 2014, Protons and C-ions

(A) patients treated with parti- Total of 15 400
patients treated in 2014 with Others

protons and carbon ions (total 3%
=15 000).

Europe, C-ions
4%




NMPOTOHHU LUEHTPOBE B ETAN

Particle therapy facilities in a planning stage:

HA NMNAHUPAHE

SJFH. Beijing =3 230 1 gantry,
cyclotron 1 horiz fixed beam
Denmark DCFPT. Aarhus e 250 sC 2 gantries, 2 2018
AAAAAAAAAAAAA cyclotron - . -“1"horiz exp.fixed bear —— o
France CARCHADE, : P 230 1 gantry =9 2018
India Proton Therspy P ocpen open ? 201772
Hospital,
Ty Mumbai samssansssessnsdhansssessansssesssessanssnnnssessdesanaassennassstanssessessseanssenndassessanssanssanssanssanssans
Jspan Teisinaki P 220 1 gantry 1
= oro,
Hokksido
MNetherland Holland PTC. =3 250 SC 2 gantries, 3 2018
Delft ___________________________ cyclotron 1 horiz fixed beam
Netherland APTC
............ FanSierQaT
Netherland UMCGPTC,
............................................ Ceoningery:
Netherland PTC, Maastricht
Russis Hospital No.€2
iPTC. Moscow
Slovsk Rep. CCSR,
; Brstislav_a” ;
Switzerland PTC _ E-5 220 4 gantries, 5 2
Galgenen
Tsiwan Nsaticnal P 250 SC 2 gantries, 2 2018
Taiwan cyclotron 1 horiz fixed beam
University CC,
...... Taipei. SeaeTasasanasansy asansans anaas P apss apasanas
United Kingdom The Christis =3 250 sSC 2 gantries =3 2018
Center,
United Kingdom -PTC UCLH, oS 250 SC 3 gantries 2 2018
London cyclotron
UsA Proton Institute 3 220 47 gantries a7 2
............................................ ot Newe Yok NY; Syeloon ;o
uUusAa Atlantic Health P 220 27 gantries 22 20172
System, New synchrotron
_____________________________ e L e e P I —
uUsaAa MGH, Boston P 220 1 gantry 1 20177
...................... MA Scwoon




OguuuanHoto usaatue Ha Particle Therapy Cooperative 6roup
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International Journal of
Particle Therapy

The official journal of the Particle Therapy Cooperative Group

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

INTERNATIONAL

JOURNAL
of PARTICLE
THERAS

Comparing Proton Therapy and VMAT for Prostate Cancer
A Case of Proton Therapy for Spinal Cord Compression from

Extramedullary Hematopoiesis
Proceedings from PTCOG-52 http:i/theijpt.org/



Q TTpoTOHHATA Tepanus e cnedBsawaTa JormMyHa
CTbMNKa B pa3BUTUETO Ha paauoTepanuara,
noaobpasankm A03HOTO pasnpeneneHue.

a TTpoToHHATa Tepanusa e cepuosHo
NpeAu3BUKATESICTBO 3a NPOMEeCUoHaNUcTUTE,
paboTeln CbBpeMeHHU POpMU Ha
paguoTepanusTa.

Q [lHec NpOoTOHHATA Tepanua e aTpaKkTUBHGQ,
npeumsHa U moaepHa opMa Ha paamoTepanumsaTa.



Scripps Proton Therapy Center, San Diego, USA

8. R/
. " '
= - - : " = = e | .
T M

- XV-us - TTpoTtoHeH ueHTbp - 20 Pespyapu 2014
- 250 MeV
* 5 Gantries, 5 npoueaypHu nomeweHus, 2400 naumeHTU/roamnwHo

* MHBecTuuma - $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



Paul Scherrer Institute,
BES Villigen, Switzewrland




ACCEL for PROSCAN at PSI
One of the very first best place for
protontherapy in Europe

O March 22, 2007 - the second generation
(ACCEL), Paul Scherrer Institute, VILLIGEN,
Switzewrland.

Q The world's first commercial superconducting
cyclotron for routine medical use.



PAUL SCHERRER INSTITUT

“0) Universitst Zirich Proton-Radiotherapy: o=
Eye tumors

Fundus of the eye
PRIOR to therapy

Fundus of the eye
AFTER therapy

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

> 98 % (PSI, > 4700 patients)

> 95.7% (MGH/MEEI)

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

E. Hug



AADN PAUL SCHERRER INSTITUT

o Universitat Zrich = Padiatrische Protonen- Radiatiotherapie S

E. Hug



INEPCIIEKTUBU 3A PASBUTUE

A TTocneaHu noctuxeHUa B aapeHUTe U UHPOPMALIMOHHUTE
TexHonoruu.

O TTocneaHu noctuxeHusa 8 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., Grid 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.

CPICG |

24



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



CERN u MeauumHckata pusmka

CERN: catalysing collaboartion for medical advances -
March, 2012

"“1-'

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:

OBiomedical research
QAccelerator design
QORadioisotope development

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



CERN u MeaunuuHckata pusmka

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



INTERNATIONAL JOURNAL OF HiGH-ENERGY PHYSICS

WELCOME VOLUME 54 NUMBER 3 APRIL 2014

CERN Courier — digital edition - >

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

N - -
It is 60 years since a proton beam was first used to treat cancer at the Berkeley PhYSIcs In hea Ith
cyclotron. Since then, research has spread to other countries and other beams, a n d i n d us t

- .

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.

1t 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.

Towards a future
circular collider p18

CERN | (@) (@) (= IOP Publishing

VorLume 54 Numeer 3 ArniL 2014

With permission by Dr Christine Sutton - Editor, CERN Courier
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Technology transfer

went on to present results from the recent study commissineed by
the EPS from the Centre for Econamics and Business Research
which nas shaw e impor:ance of physics to the European
economy (EPS/Cebr 2013).
T-»e mnr.d partof the umksr.np was devorec to sansors and
in instr and industrial applic: starts
ing with 3 series of talks that reviewed the latest developments.
This was foflowed by presentations fro USITy Of Various sene
sar produ plication markets and
Erik Heijne, a pioneer of silicon and siliconepixel datectors
a: CERN, started by ussing innovation in i
through the use of microelectronics technology. \hrmz.mxw-
tiom to suhemicran silicon technologies aliows. mary
to be compactec into a small volume. This has led in turn to
the integration of sensars ard processing electronics in powers
ful devices.and has opered up new fields of applications (CERY
Courier March 2014 p26). In higheenergy particle physics,
rew experiments at the LHC have been based on sophisticated
allow unprecedented event rates af up to 40 MHz.
'he cH;u =orat least the underlying iceas = have foand

jan imaging matri
xel anc integrated readeout <
has many applications already.

Datactor applications
Julia Jungmanr of PS| emphasized the use of active pixel cetectars
for imaging i mass spectrametry in molecular pathology, in
research done at the FOM Irstitate AMOLF i
cevices nave promisi
me ang space in
spatial resolution, direct imaging acqu!
ceaction. The technigue, which is hasec oe the family of Medipi:

The Philips wholeebody PETIMR scanner, which aliows
sequential PET and MR images to be acguired in the same
sesvion.{image credit: Philips.}

iseven being developed z PET with MR land
cephalography measurements. Del Guerra's takeshome message
was that technoiagy transfer in the medical Seld needs longsterm
investment = indusiry can withdraw halfway ifa technology is not
hle (far example, Siemens in the case of pratan therapy). In
future, applications will be multimodal with PET comained with
other imaging techniques {CT, MRI, optical projectioe tomogras
phy), for applications to specific organs such as the beain, breast,
prostate and moce.

The mext topic related 10 recent cevelapments i silicon
crift detector (SDD) and its applications. Chiara Guazzoni, of the
Politecnico di Milane and INFN Milan, gave an excellent overs
view of SDDs, which were inverted by Emilio Gatti and Pavel
Rehak 30 years ago. These detectors are now widely usad in )\-m
and i l\all:hie C i and

Time;ilde\im.pm\i—-‘ iled information on mofecular idens

ucti :ar.\l;.-
sis of cultural beri‘.aa! and biomedical imaging based or Xeray

.nhg\ without the need to »ube'
disease studies, drugedistributioa studies and
ism chip! 5 with 100 ps time birs.a
| ms measarement irzerval, multishit capabilities at the pixel level,
higher readeaut rates anc high fAluence tolerarce.
In a similar vein, Alberto Del Gwra of 'u Uriversity of Pisa
d the ique of p (PET)
andits applications. Outlining the physics and tech nology of PET.
e showed improved variams of PET sysiems and applications to
molecular imaging, which ;Xm al’au he ulul representation,
characterization and atthe
cellular and subcellular levels within living orgarisms. Clinical
sysiems of hybrid PET and computerized tomography (CT) for
application in oncalogy and rguroL humar PET anc micrae
PET eguipmest, combined with sl lsanimal CT, 2r= available
fram incustry, and today there are also systems where PET and
magnetic resceance imaging { MRI) are comained. Such systems
are being usec in hadron therapy in kaly for monizoring parposes
atthe 62 MeV proton cyclotran of the CATANA facility in Catania,
and at the protan and carbos synchrotron of the C) —\O centre
Pavia. An imaging tool for

forensics. The wi

CERN

i Xerzy emission stodies, gammasray
mugnr;m.spemop\ Xoray sz imaging,exc. As Gattiand
Rehak stated in their first patent, “additional objects anc advane
tages of the invention will become apparent ta those skilled in
the art.” ané Guazzoni hopes that the art will keep “d
towards new harizans.

Moving on to presentations from incusiry and stari.up compas
ries. Jirgen Knobloch of KETEK GmbH in Munich preseriad new
hi, roughpat, largesarea

cal review o wark of Josef

ng on”

The take-home Kemmer, who in |37 startad 2
message was that .e-uekwp planar silicon techinole

ogy for semicanductor detece
technology transfer ... coiuboaring wits Renak
inthe medical field  znd the MaxePlanck Institue
n -term in Munich, Kemmer went
II'IBVeedSstl!:enl?Lte on ta procuce the first SDDs

with 2 homageneous entrance
window, with cepleted fielde
transistor (DEPFET)

VoLume 54 Numser 3 ArniL 2014

and MOSstype DEPFET (DEPMOS) In 1969 ke
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Technology transfer

founced the starteup company KETEK, which is now the global
commercial market leader in SSD technology. Krabloch presented
the range of pracucts from KETEK and concluded with 2 list of

d for better collat ion between resea: nd
industry. KETEK's view on how science and incdastry can better
kind organized by EPS-

e detactor develops

user facility in partnership
.\!':eR&me;ec‘mnn.mmrunmplex .
ln; Granja, of the Institate Ff Experlmenlﬂ nn:

withincustry, with
Lu' C

in Prn.\e d:s"rbed the rueur‘r' carried
Space Agency (ESA) g the i

Ty offices property i
encouragement of in  to accep: langer times for retarns in
investments; anc the strengthering of synergies betaeen basic
research and indastry R&D.

Kroblach's colleague at KETEK, Werner Hartinger, then
described new sificon photomukipliers (SiPMs) with high protoae
detection efficiency, and listec the characteristics of a series of
KETEK's SiPM sersors, which also re 2 hage gain (> 10%)
with low excess coise and 3 Jow tempersure coefficient. KETEK
has heeshelf SiPM cevices and also customizes devices for
CERN. The next steps will be contizunus noise reduction (in both
dask rate and crossetalk) by enhancing the KETEK “irench™ teche
palse shape and timing ;r'\peme: b\

in ction and particle tracking of m“nx“‘
in space. This has used the Timepix hykeid semiconductor pixels
detector developed by the Medipix atCERN. The

Timepixebased spacesqualified payload, produced by IEAPCTL
in callaboration with the CSRC company of the Czech Regublic,
has been aperating continuously on board ESA's ProbasV' satels
ite in JoweEarth artm at 820 km altitude, sirce being launchedin
May 2013, Highly miristarized cevices produced by IEAPCTU
flying on board the International Space an for the
of Houston and NASA far highesensi Yy quantum
'y of the spacesstation crew.
7 work, IEAP CTU has developed 2 microstrucker
particle ulexnpe in which particle tracking and directional sene
y the stacked layers of the Timepix device.
For improved and “).anhte.b:m radiation imaging. ecgeless

Z parasitic elemenis and readenut, and the p Timepix h v\Tl'ar:Ar.\uammﬁn.m. m.h

chipesize packages anc arrays at the package level. ' d read n: and
tiling technology (available at IEAPCTU and the WIDEPIX spirs
New start-ups off company, of the Czach Republic), enable karge sersitive areas
PIXIRAD 2 new Xeray imaging system based on chromatic phoe  up o 14 cm square to be covered by upto X'lil Tnmpxx SEnsOrs.

was p by Ronalco Bel iaf
PIXIRAD Imaging Cocniars vl = 2 recen:
spineoff company. The detector can deliver extremely clearand
highly detailed Xeray images for mecical, binlogical, incastrial
and scies applications in the energy range l=100keV. Phne
ton courting, calour mode and high spatial resolution lead to an
optimal rtio of image qu: 0 shsorded dose. Madules w
units of |, 2.4 and § tiles have been huilt with almos: zero dead
space between the hiocks. A complete Xeray camera based on the
PIXIRAD.I singlesmadule assembly is available forcustomersin
scientific and industrial markets for Xeray di
etc. A decicatec machine to perfoem Xeray siots:
ing has been designed anc huikt and is currently -
system. which uses the PIXIR AD+8 mndule and is able to prodw
lurgesarea images with fine position resniution, has been designed
for digital mammography, which is one of the mos: demanding
Xeray imaging applications.
CIVIDEC Instrumentation = another starteup company =
was founded in 2009 by Erich Griesmayer. He presented seve
eral les of applications of the products, which are based

tion, microeCT,

on diamoncedetector technalogy. They have found use at the
LHC ard other Seamlines as b loss and beame
pasition monitars far time higheradiationsievel

This allaws the of higl ian Xeray
and neutron imaging at the micrometre level toarange af scientific
2nd industrial appli
® For more about
Warkshop_2

s
workshop, visit mewemrgit/TIG_
anguage=en. For the presentas

» Further reeding
EPS/Cebr2013 www.eps.arg/Tn
INFNTT webpage nwwipg.i

Résumé

Des déecteurs de rayornements de poinse pour Nindusreie

Le groupe Te gle et de lo Saciéed exrapéen:
de physique c &l crdé en 2011 dans le bur de travailier cux
fronridres des sclences fondamentales erappligudes, dans le

cadre d'creliers organisés chague année en coliabararion Grec ie
CERN. Le deuxidme de ces areliers, organisé confolntement avec e

d de physigue e d'asrs erie Flaminia
dn 'Untversird de Bologne, s'est dérould & Ravenne thalie), les 11 e
12 nervembre 2013. 1l aval pour thdme ies désecteurs de rayonrement
drpolmt usage nduseriel et & rassembié des spéciailstes en

measurements, negtron time of flight. and as Ny
..r:c‘nrs in superconducting guadrupoies. The compary proe
! r-n) solations the internet, supplying

r group at the Diamond

L,:r-. Saurce, cutlined the layout of cility and its diversified

maridre de recherche et de dével de capreurs de poirse,
insi que des représensanis d'en 'rc'mux dérivées.

TheEFS-TG Giovanni Anslli CER Andres Contin, Linie
Soicgre, Manjit Dosangh, CSAN. Erik Heijne, CERN IEAP CTUE
and Nmnwannlngar CeRN

10P Publishing

With permission by Dr Christine Sutton

Editor,

CERN Courier



http://medicalphysicsweb.org/cws/article/multimedia/60268
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AND
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