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PAONOTEPATINS
(Tepanusa ¢ noHU3UpaAWM NbYeHUs)

OcHoBHa yen:

INTUKBMAUPAHE Ha XU3HeCcnOoCObHOCTTA Ha TYMOPHUTE KIeTKU B AaZeH OpraH Unu
CUCTEeMa Ha YOBelIKOTO TS0 Ype3 annuumpaHe Ha Heobxoanumarta KaHuepuLuaHa
A03a NPU MUHUMANHO 0bnbuYBaHe Ha 3aobukanswmTte Ob6nacTTa NoAnexawa Ha
NbuyeneveHue /OTTJ1/ 3apaBu OpraHU U ThKaHW.

TTocTuraHe yHULLOXABAHETO Ha TYMOpHUA Npouec 6e3 Aa ce NpUYUHAaBaT
YBpexXAaHUs Ha OPraHU3bM.

PAOVNOTEPATINA
Xvpyprus | Xvumuorepanus




Buaose MoHusupauwm JueHus

Radiations
Electromagnetic Particles
| } | }

Non-ionizing indirectly ionizing  charged uncharged
» Radar X-rayse a-particlese neutronse

: y-rayse B—-particlese
> Radio B*-particlese
> IR (heat) \— Protonse _/
» Visible I

» 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 kKnUHUYHU pe3ynTaTtu.

1950 - Hauano Ha paguotepanuata ¢ y nbvum (Co-60).
1954 - Hauano Ha npotoHHaTa Tepanusa at Berkeley.
1961 - Linear Accelerator (LINAC) at Standford, USA
1968 - Gamma - knife radio surgery at Uppsala, Swede
1971 - Copmuted Tomography.

1980 - Multi Leaves Collimator (MLC).

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




PAOUOTEPATINS

Radiotherapy Treatment Planning Process

1: CT scanning
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1996 -"Theratronics”

50 roavHu 6opba ¢ paka

(NbpBMAT anapaTt 3a pagoTepanus)
"THERATRON"
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NuHeeH Yckoputen ¢ MJIC




CbBpemeHHa paauoTtepanusa ¢ X rays

- VARIAN Linac
Xrays




TTpoHukeatenHa cnocobHOCT Ha (POTOHHUTE NbYeHUa B
3aBUCUMOCT OT EHepruara

100

All Field Sizes = 10x10 ¢m

80
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% Depth Dose

T EXTERMAL

Depth in cm.




PALIMOTEPATIVNS npu CA GL. PROSTAT
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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%3A%2F%2Fwww.indiasurgerytour.com%2Ftreatments%2Fcancer%2Findia-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%3A%2F%2Fwww.cchosp.com%2Fcchpage.asp%3Fp%3D1452&ei=9LbuUbWiA8PH0QXw9oDADQ&bvm=bv.49641647,d.ZG4&psig=AFQjCNGqA6pEFenP-UpnRN4zDOC5ISfoDg&ust=1374683848658391

3ALLO TIPOTOHHA TEPATING? 2 ?
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3ALLO MNPOTOHHA TEPANUNA? ? ?

Additional Dose
Outside the Target
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PUIUYHU aprymMeHTU 3a U3NOoN3BAHETO Ha
NPOTOHHUTE CHONOBe B paauoTepanusaTa

[ obpaTteH npopun Ha AO3HOTO pa3npeneneHue B AbN60YMHa
T.e. yBesiMyaea ce npeaaneHaTa eHeprus ¢ NpOHUKBAHETO B
AbnboumHa (asneHueto Bragg peak)

O HUCKG NOHU3ALUUOHHA CMOCOBHOCT ——

Qutside the Target
Delivered with Photons

10 Me V
X-rays
(Photons)

Q0 eHepreTuuHo moaynupaHe Ha Bragg peak -
nonyJyasaHe Ha (Spread-out Bragg Peak)

150

= 100
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d 3HaQYUTEenNHO 3ana3BaHe Ha KOXHus EePEKT

[=]

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

d T4CHa nonycCaHKa

0 3apaBuTe TbKaHW NorydyaBaTt 3HAYUTESNTHO MO-HMUCKA 403a OT
o0nbYBaHMA TyMOpeH obem 13



BepoATHOCT 3a TYMOPEH KOHTpPOI
(TPC)

Likelihood of Control

Tumour Control Probability Curve
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BeposTHocT 3a TymopeH koHTtpon (T PC)
n ycnoxHenus Ha sapasute Tbkahn (NTPC)

Tumour Control / Normal Tissue Complications
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HAYAJIO Ha TIPOTOHHATA
TEPATINA

"A man with a vision "

[ 1946 - Prof.Robert Wilson -
Harvard physicist.

J TTpoTtoHUTe morar aa umat
KITUHUYHO NpUnoxeHue.

J MakcumanHa 4o3a nbvyYeHue moxe
Aa ce peanmsupa B Abr60UUHa. Robert Wilson

Radiological Use of Fast Protons
ROBERT R. WILSON

Q TTpoToHHaTa Tepanusa ocurypssa i et
MGKCMMGHHG 30"“‘MTG Ha 3‘u‘paBMTe :;cn-r vor electrons, the particles per centimeter of path, or specific foniza-

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 ionization or dose is many times less where
directly , used therapeutically. Rather, the proton cnters the tissue at high energy

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

I =plied to medical problems. This has, in  irradiate mter~-!v a strictly localized
" e part, been due to the very short region © ' Jhee Warts
“tion in tissue of protons, devt: . :
v particles from preser
~r-energy mach'

o Radiology 47: 487-491, 1946

the neutrons, gamma rays, or artificial than it is in the last centimeter of the path -

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




Uctopua Ha TTpoTtoHHaTa Tepanua (1)

1938 - Heyrporra reparina at Berkeley Lab

(J. Lawrence and R.S. Stone)
1946 - TTpeanoxeHue 3a NPOTOHHA Tepanus by
Robert Wilson in Harvard Cyclotron Laboratory
1954 - TTvpBoO KNUHUYHO nNpunoxeHue in Berkeley.
1957 - Hauano Ha Esponeunckuar onut Uppsala,
Sweden.
1968 - TTpoTtoHHa ycTaHoeka at JINR, Dubna,
Russian Federation.
1969 - TTpotoHHa yctaHoeka at Mosskow, Russian
Federation .
1972 - HeytpoHHa Tepanusa 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 ueHTHp 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 Tepanusa (3)
1993 - TTpoToHHa Tepanus at Cape Town, South Africa.

1996 - PSI proton facility at Villigen, Switzerland.

1998 - TTpoToHa Tepanus at Berlin, Germany.

2001 - TTpoToHeH ueHTbp Massachusetts, USA.

2006 - TTpoToHeH ueHTBp MD Anderson opens, USA.
2007 - TTpoTtoHeH ueHTBbp, Jacksonville, Florida, USA.
2008 - HeytpoHHa Tepanus re-stated at Fermilab, USA.
2012 - TTpoToHeH uUeHTBp, Prague, Czech Republic.



RKJIMHNYHM NpeanMcCTBa
Ha NPOTOHHAaTa Tepanus

0 BMCOKa TOYHOCT Ha anjmumpaHaTa A03a
1 BUCOK TYMOPEH KOHTpPO/

0 HEe3HaUUTENHM YBpEXAaHUA Ha 34paBuUTE
TbKaHM

d iMnca Ha CTPaHU4YHU edeKTH

d HMCKa BepOoSTHOCT (pPUCK) OT BTOpUYEH
KapunHOM

O HEMHBa3MBHa Tepanus
20



KnuHn4Hm npoyyBaHusi B NPOTOHHAaTa Tepanus

- Pediatric 17119y

Carcinoma (841

Lung ¢s26)

. Chordoma (445

Pa P = oy

Pancreatic 21

. Mouth (174)
. Nasal (174

Sarcoma (161)

Cancer Type

. Breast (180
. Brain (140
0 500 1 000 1 %00 2 000 2 500

Approximate number of
patents recrulted/participating



KnuHuyHo [okasaHu Pesynrtatu

J KapUuMHOM Ha NpocTaTa

d LUIHC Tymopu, xopaoma u xoHApocapkoma
Jd AeTcku Tymopu

1 Tymopu B 06nacTTa Ha rnasa U Wwus

1 ApebHO KneTbyeH benoapobeH KapLUUHOM
- (NSCL)

d Arteriovenous malformation (AVM)

3 Ocular (uveal) melanoma

22



[10Ka3aHu KNTMHUYHU NpeguMcTBa Ha
NPOTOHHAaTa Tepanusa B CpaBHEHMUe C
ocTtaHanute oopmMu Ha paguoTepanus

d Bucoka TOYHOCT Ha annuuupaHara fedebHa gosa
(BMcoka neyvebHa gosa - 75 - 80 - 906y).

Q CurHnukaHTHO No-4o006pO AO3HO pa3snpenerieHne
B KNMUHUYHUA MULLEHEH 0DeM.

1 BMCOK TYMOpPEH KOHTpPOI.

d 3Ha4ynTenHo no-gobpo 3anasBaHe Ha 3apaBUTE

TbKaHW.
23



PAOUOTEPATINA npu CA GL. PROSTATAE

IMRT ¢ X nbum Proton Therapy

|| Global Max = 2119 <Gy




TTpOTOHHA Tepanus

Paauotepanua npu Cancer Pediatric Decease
(Medulloblastoma)

IMRT ¢ X nbvum

TTpoTtoHHa Tepanus




TTpOTOHHA Tepanug

Paauortepanua npu Lung cancer




CXEMA HA NMPOTOHEH LEHTbBP

Beam transport line

!
1

§ Patient couch
™

)

o g

Beam delivery with a

Proton rotating Gantry
accelerator




Universal Nozzle

Patient Positioning System

28


http://www.iba-protontherapy.com/sites/all/themes/iba2009pt/media/images/iba-pt2009/cyclotron_fullimage.jpg?iframe
http://www.iba-protontherapy.com/sites/all/themes/iba2009pt/media/images/iba-pt2009/bts_fullimage.jpg?iframe
http://www.iba-protontherapy.com/sites/all/themes/iba2009pt/media/images/iba-pt2009/universal_nozzle_fullimage.jpg?iframe
http://www.iba-protontherapy.com/sites/all/themes/iba2009pt/media/images/iba-pt2009/pps_fullimage.jpg?iframe

LleHTBLp 3a NPOTOHHA Tepanus

Yckoputen Ha
NPOTOHHMU
CHOMnoBe

TpaHcnopTHa
cuctema Ha
NPOTOHHUTE
CHonose

[MpouenypHo
nomMeLleHumne

Gantry

[NlaymeHTHa maca



YcKkopuTen Ha NPOTOHHMU CHOMOBE




LIMKITOTPOH

i Pole K"H"ncuum fl!‘Eillm:i||l::|1‘w‘.:lll'

Defloctor Tank Coupling




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




Principal models of cyclotron for biomedical uses

Cyclotron Particles lmax N. Max Dual lon Self
(microA) | Targets beam Source Shield
Advanced H- (D- 150 8 Y Ext, opt
TR19 opt) filament
Siemens H- 80 8 Y Int, Y
Eclipse filament
GE H- 60 6 Y (2° Int, PIG Y
MiniTrace target
fixed)
€] H- (D- 80 6 Y Int. PIG opt
PetTrace opt)
IBA H- (D- 80 8 Y Int. PIG opt
Cyclone opt)
18/9

Azienda Ospedaliero — Universitaria di Bologna

Policlinico S. Orsola - Malpighi




TTPOBEI" HA TTIPOTOHUTE BBbB BOAA

energy range in water
(MeV) (cm)

70 4.0

100 1.6

150 15.5

200 25.6

250 374




C230 key specifications

L1 Compact isochronous cyclotron

1 235 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
Ll RF Frequency: 106 MHz
L1 Dee voltage: 55 to 150 kV peak (b a




TTIPOTOHEH CHOTI

H - KnuHuyeH muleHeH obem



http://www.google.bg/url?sa=i&rct=j&q=treatment%20volume%20for%20radiotherapy%20in%20patient%20body&source=images&cd=&cad=rja&docid=NpgmvPQJJoPDrM&tbnid=x6BcnyGHvCkHkM:&ved=0CAUQjRw&url=http%3A%2F%2Fapps.pathology.jhu.edu%2Fblogs%2Fpancreas%2F%3Fp%3D7&ei=FRfsUcahPKiX0AXpmoCQDg&bvm=bv.49478099,d.ZG4&psig=AFQjCNH0GDJfPpQjGWnYD5qGRZoruUD5CQ&ust=1374513242464515

HAYNHN 3A EOPMHNPAHE
HA KINNMHNYHA TIPOTOHHW 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



HAYNHN 3A EOPMHNPAHE
HA KINNMHNYHA TIPOTOHHW CHOTTOBE

.. TlacusHO pasceuBaHe
II. AKTUBHO cKaHUpaHe

Passive

Scattering

Active Mips0sc

Scanning "“l"‘" | |
Proton i —zzzaEEEn |
Pencl —ffe= "llli!§§55§==s J

l. - -.:::
2 B
Shiser Misto
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®OPMUPAHE HA NMPOTOHHUA CHOIN 3A KITMHUYUNHO NMPUITOXEHUE

|. MacuBeH

range

modulator full dose

first
scatterer

compensated
range modulator



®OPMUPAHE HA NMPOTOHHUA CHOIN 3A KNMHNYUHO NPUNOXEHUE

. AKTUBHO CKaHupaHe
(Pensil Beam Scannig)

MILLIMETER PRECISION




Control room of Proton Therapy Center




PROTON THERAPY for Lung CA

A Comparison of Radiation Treatment Plans for Lung Cancer

Extro radiation delivered
with X-ray/IMRT

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




PROTON THERAPY for Pediatric deceases
(Medulloblastoma)




PAOUOTEPTTINSG TTPWN Breast Cancer

Standard 3.0 Whole Breast RT
IMRT

29




PROTON THERAPY for Breast Cancer

Heart

Lung

Radiation Therapy Planning with Photons and Protons for Early
and Advanced Breast Cancer,

Availableon: http://hcp.obgyn.net/breast-health-and-breast-
care/ content/article/

100

100

80

80

CONVENTIONAL
IMRT - PLAN A
IMRT - PLAN B
PROTONS

60

40

CONVENTIONAL
IMRT - PLAN A
IMRT - PLAN B
PROTONS



http://hcp.obgyn.net/image/image_gallery?img_id=1918431&t=1312319532261

Proton Therapy for Breast Cancer After Mastectomy: Early Outcomes of a Prospective Clinical Trial

International Journal of Radiation Oncology, Biology, Physics; 2013, 86(3), 484 - 490.



Chest wall and regional lymph nodes
(rpbAHa cTeHa U pernoHepHU TIMMGPHU Bb3NU)

Treatment Average Treatment
Volume r[;\ean Volume Dose in 7
ose
V100 Heart 0.44Gy V20 Heart 0.0%
V100 Left V20 Left
ventricle  0.09Gy ventricle 13.0%
V100 Lung 6.00Gy V20 Lung 0.0%

Eugen B. Hug, M.D. - medical director and chief medical officer for
ProCure Treatment Center

http://www.itnonline.com/article/proton-therapy-research-advancements



TTIPOTOHHATA TEPATINA OHEC

Pretessional
Pragressive
Preactive
Praximity

Preven

49



TTpes nocneaHute 20 roavHu obwmat 6pou Ha
NeKyBaHUTe NAUUEHTU U KIIUHUYHUTE NPOTOHHU LieHTpoBe
Ca KAaKTO cnepga:

a 1990 - 16 proton centers, 11 682 patients

Q 1995 - 25 proton centers, 19 373 patients
Q 2000 - 30 proton centers, 31 838 patients
Q 2005 - 39 proton centers, 48 386 patients
Q 2009 - 30 proton centers, 78 275 patients
a 2010 - 32 proton centers, 84 492 patients
Q 2011 - 39 proton centers, 96 537 patients
Q 2012- 42 proton centers, 108 238 patients

B 6n1n3kuTe 5 roguHu ce nnaHupat Aa 6bAAT OTKPUTU HOBU
25 KNVHUUYHU NPOTOHHU LIeHTpoBe. >0



ticle therapy facilities in operation (incl. patient statistics):

. Mcsow B
sersrg Husa.la n 5 1-:-:-:1 1 hcrh_ 19?5 1335 De-c-i:
Jilligan Swizeriand 8 250 1 garery, 1 For 1356 1409 Deciz
= Russia n © Do 1 hern 1999 a2 Deciz
- Zweden B 0 1 herz 1359 1267 Deciz
roridge Ergiard o ez 1 horiz 1253 37 Doz
 Linla CAUSA B =280 3 garrry, 1 horiz. REES 18854 Doz
Sramze n CEs 1 Ferie 1331 4597 Deciz
- Franzs P o0 1 gary 2 hor 1331 B Deciz
. [Thembs Labs o Africa n 0 1 hern 1993 521 Dec14
i TS, Sleomingson BUSA P 200 2 garary=, 1 horiz. 2004 R Doz
] CAUSA ) cEn 1 horiz 1334 1515 Deciz
C, Crilba Japan Crion £ E00M otz yersica REED 7331 JaredE
W=, Wamoouser Camsds ] [+ 1 horiie. 1555 170 D42
AT Bezriin Sermary 8 o7 1 herz 1335 084 Deciz
Kasmivn Japen n e 2 gary— 1335 1225 Mar-13
oy Japan P s323:0 1 garty 2001 1% Dec1d
o Hpogn Jmpan Crion = 3300 Foriz_wersical 2002 TEE Decid
v, Tsuubs Jmzen 5 =280 2 gy 001 2516 Doz
", 4G Bcaion MA_LISA, n e 2 garre, 1 horiz 200 5550 ooz
ME. Caaciia aly P cen 1 horz 002 93 oz
Srirecis Cancer Semumr Japen n 5235 3 garrry, 1 horiz 2003 1365 Deciz
s, Karlymmarsry Japan P B 2 gartry, 1 heriz. 2008 1512 Doz
C, Zib Crilna ) 20 2 gartry, 1 heoriz. 004 1078 Doz
mabarnom Camioar Damner, Hoosaon THUSA B =280 3 garry=, 1 Forz 006 3909 Deciz
I, Jaesoomilie FLLSA n 0 3 garrry, 1 horiz 2006 4T72 Dec-iz
isan o Kores P o0 2 gartry, 1 heriz 007 041 Deciz
=, Murilch Sermary n 250 & garer, 1 For 2009 1377 Deciz
re: PTC, Ditlahoma Gy oR_USA P C20 1 garrry, 1 Foriz, 2 orinSl deg. 009 1045 Doz
iy Sermary ) =250 2 o= 003 =2 Deciz
e g Sermany Crem £ 4300 2 ke 009 2z Doz
1. Frilladelnnia PA_LISA, n oI 4 gardry, 1 beriz. 2040 1100 Dec-iz
-, Gunma Japen Crien 5 4000 3 horiz, wersical 010 537 Deciz
AS, Larghe Crina i 5 4000 1hern 2006 194 Deciz
Froson Certer, Wamenwilie USA P ) 1 garvry, 1 Feoriz, T oriniSl deg. 2010 240 Doz
rL, Hammon WA LIEA, ) 230 4 gartry, 1 heoriz. 2010 153 Doz
AN, BT Polsmd 0 can 1 heriz 044 15 Deciz
ills: PR, Tbusukl Japen n =280 3 gary 2044 430 Dec-iz
S, Fain aly P =250 3 horizH wersical 2011 55 Mar-13
S, Fain may Crien 5 4000 3 horizH wersical 2012 = Mar-13
e Fronon Trerapy Cermer, Somerses B LISA B cI:0 4 gartry 2012 137 Deciz
Coech 1.0 Fragus Caech Repubilc ) 230 3 garrry 1 vz 2012 1 Doz
. Froan Theramy. & FroCure CEnter.  wva, usa P oo 4 garery 013 1 Mar-13

= Symichrodon (S) o Cychomon 05
" baam soaming
T spresd besm and beam soanning

agrarded eam

T stanissics of particls Terapy SscliRkes workdwice: -]1:\ o pﬂ'lﬂﬂw hhclll‘lﬂ- I'I opﬂﬂ'l\:\n .!rld I chosad SacliSlesy
echaped from cemders worldwide per and of 2042 (pot-Aike 4o




WHERE PARTICLE| FIRST |PATIENT|DATE OF
PATIENT | TOTAL | TOTAL
Canada Vancouvar (TRIUMF) 4] 1985 170 Drec-12
Czach Rep.  Prag (PTCCZ) V) 2012 1| Deg-12
China Wanjia (WPTC}) p 2004 1078| Dec-12
China Lanzhou Cion 2006 194 Dec-12
England Clatterbridge V) 1989 2287 Dec-12
France Mica (CAL) p 1991 4682 Dec12
Franca Creay (CPO) ) 1991 5845 Dec12
Garmarny Bearlin (HMI) p 1998 2084 Dec12
Garmany Munich (RPTC) p 2009 1377| Dec-12
Garmany HIT, Heidelberg C ion 2010 280 D[ec-12
Garmary HIT, Heidalbarg p 2010 282 Dac-12
Italy Catania (INFN-LNS} P 2002 283 Mowv-12
Italy Pavia (CHAD) p 201 42 Dec-1Z
Italy Pavia (CNAO) Cion 2012 3| Daec-12
Japan Chiba (HIMAC) Cion 1994 7331 Jan-13
Japan Kashiwa (NCC) p 19398 1226 Mar-13
Japan Hyogo (HIBMC) P 2001 3108 Dec-11
Japan Hyogo (HIBMGC) C ion 2002 1271 Dec-11
Japan Tsukuba (PMRC, 2) p 2001 2516 Dec-12
Japan Shizuoka V) 2003 1365 Dec-12
Japan Koriyama-City p 2008 1812 Dec-12
Japan Gunma Cion 2010 537| Dec-12
Japan lbusuki {MMRI} P 2011 490 Dec-12
Korea llgan, Saoul p 2007 1041 D[ec-12
Paoland Krakow p 2011 15| Dec-12
Russia Moszcow (ITEF) P 1869 4300 Dec12
Russia 3t. Petarzburg p 1975 1386 [hac-12
Russia Dubna [JINR, 2) p 1994 822| Dec-12
South Africa  iThemba LABS P 1993 521] Dec-11
Swadan Upp=ala (2} p 1989 1267 Dac-12
Switzerland  Villigen-P3l, incl OPTIS2 p 1996 1409| Dec-12
USA, CA. UCSF - CHL P 1994 1515 Dec-12
USA, CA. Loma Linda (LLUMC) P 1990 16884 Dec-12
USA, IN. Bloomington {IU Health PTC) p 2004 1688 Dec-12
USA, MA. Boston (NPTC) P 2001 6550 Oect12
USA, Tx. Houston (MD Anderson) p 2006 3009| Dec12
UsA, FL Jacksorwille (UFPTI) p 2006 4272 Dec12
USA, OK. Oklahoma City {ProCura PTC) V) 2009 1045] Dec-12
USA PA. Philadelphia {UPann) p 2010 1100 Dec-12
USA, NY. Mew Jarsay ProCure FTC) p 2012 137 Dec-12
UsA, IL. CDH Warranvilla P 2010 g40| Dec12
USA, VA, Hampton (HUPTI} p 2010 4858| Dec-12
28448 Total
tharaof 10316 C-ions
78132 protons
Total for all facllities (In operation and out of opearation): 2054 He
1100 pions

10756 C-ions

acular tumors L'II"I|'5-'

ocular tumors only
ocular tumors only
4748 acular tumors
ocular tumors only

ocular tumars anly

T2 with scanning

acular tumaors only
aztimatad

498 acular tumors
ocular tumors only



= therapy facilities in a planning stage or under construction:
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PT Contracted market shares - PROTON -
(1994-2010) in ROOMS (Total = 96)

Still River Varian SHI
3% 5% 7%

MELCO "y,
13%

Yves Jongen, IBA, Louvain-la-Neuve, Belgium,
In Proceedings of CYCLOTRONS 2010, Lanzhou, China.



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.

©2006

24



A quite popular solution...
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: 20 facilities including IBA equipement, 64 treatment rooms in total
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http://www.google.bg/url?sa=i&rct=j&q=ProCure+Treatment+Center&source=images&cd=&cad=rja&docid=xJaJ3oHiLnPj2M&tbnid=jwP3KakctNVk4M:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.fhcrc.org%2Fen%2Fnews%2Fcenter-news%2F2013%2F02%2Fseattle-cancer-care-alliance-proton-therapy-center-opens-for-tou.html&ei=2xjsUeHYFOmW0AXgsoCIDg&bvm=bv.49478099,d.ZG4&psig=AFQjCNEg9QKloJmr7vC6L_uIRDjD_nEJqg&ust=1374513676574802
http://www.google.bg/url?sa=i&rct=j&q=ProCure+Treatment+Center&source=images&cd=&cad=rja&docid=xJaJ3oHiLnPj2M&tbnid=jwP3KakctNVk4M:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.interiordesign.net%2Farticle%2F557449-Project_ProCure_Treatment_Center_in_Seattle.php&ei=GxnsUZrMCaeS0AXYtoGIDg&bvm=bv.49478099,d.ZG4&psig=AFQjCNEg9QKloJmr7vC6L_uIRDjD_nEJqg&ust=1374513676574802
http://www.google.bg/url?sa=i&rct=j&q=ProCure+Treatment+Center&source=images&cd=&cad=rja&docid=xJaJ3oHiLnPj2M&tbnid=jwP3KakctNVk4M:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.shorelineareanews.com%2F2013%2F03%2Fproton-therapy-advanced-high-tech_24.html&ei=OBnsUcSFAeLC0QXmuoCYDg&bvm=bv.49478099,d.ZG4&psig=AFQjCNEg9QKloJmr7vC6L_uIRDjD_nEJqg&ust=1374513676574802
http://www.google.bg/url?sa=i&rct=j&q=ProCure+Treatment+Center&source=images&cd=&cad=rja&docid=mk7OGLizS4SmYM&tbnid=EUrP0mL4UxDucM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.proton-therapy-today.com%2Fpt-center-in-oklahoma-city-1st-pt-private-practice-in-the-us%2F&ei=lRnsUeuzF-Sx0QXMv4GADg&bvm=bv.49478099,d.ZG4&psig=AFQjCNEg9QKloJmr7vC6L_uIRDjD_nEJqg&ust=1374513676574802
http://www.google.bg/url?sa=i&rct=j&q=ProCure+Treatment+Center&source=images&cd=&cad=rja&docid=mk7OGLizS4SmYM&tbnid=EUrP0mL4UxDucM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.fgould.com%2Fnorth-america%2Fprojects%2Fprocure-treatment-centers%2F&ei=GBrsUaaPNMX60gXDjYGYDg&bvm=bv.49478099,d.ZG4&psig=AFQjCNEg9QKloJmr7vC6L_uIRDjD_nEJqg&ust=1374513676574802
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Q TTpoToHHATa Tepanuga e cneasawata NoruYyHa
CTbMKA B pa3sBUTUETO Ha paauoTepanuaTa,
noaobpsasanku A03HOTO pasnpeneneHue.

Qd TTpoTOHHATA Tepanus e cepuosHo
NpeAn3BUKATESICTBO 3a NPOMECUOHANUCTUTE,
paboTely CbBpeMeHHU POopMU Ha
paguoTepanuaTa.

Q [1Hec npoToHHATa Tepanus e aTpakTUBHG,
npeumnsHa U moaepHa opma Ha
paanoTepanuaTa. 58



NMEPCMNEKTUBU 3A PASBUTUE

 TTocneaHu noctuxeHus B sapeHUTE U UHPOPMALIMOHHUTE
TexXHONoruu.

O TTocneaHu noctuxeHua 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



Paul Scherrer Institute,
BS 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

() Universitat Zirich Proton-Radioth erapy. d;I_E}

Eye tumors

Fundus of the eye

AFTER therapy

Fundus of the eye
PRIOR to 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
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Proton Therapy Center

TREATMENT
TECHNOLOGY

At PTC we are passionate about improving the lives of all
people.

We are passionate about curing cancer, and improving the
quality of our patient's lives.

PROJECT
PARTNERS

Welcome to the pages of the Proton Center in Prague!

We are an advanced clinical centre with the newest and highly exact technology for treatment of patients with

¢ cancer. Being actively used since 1992, proton therapy significantly improves and extends treatment of
DIAGNOSTIC | tumours near vital structures with minimal damage to healthy tissue and risk of secondary complications.
SERVICES Proton therapy is one of the methods of therapy for malignant tumours that offers the best prospects in the 21st
century. The experts assume that amongst the curative therapies, proton therapy will have a stronger position. -




Another child celebrates the
completion of his therapy treatment at
PTC in Prague!

The beat of a drum once again symbolises the end of treatment for 10 year old Tom*. He has completed proton
therapy treatment for medulloblastoma, a malignant brain tumour.

This type of cancer is particularly suitable for proton therapy because radiation must be given near sensitive
areas of the body - the brain and spinal cord. Proton radiation is much more accurate and safer than other
cancer treatment options - the tumour can be treated without damaaging surrounding tissues of the body.

He attended the Proton Therapy Center in Prague for a total of 30 treatments. He celebrated the end of his
treatment Iast Friday with his family, doctors and staff from the Proton Therapy Center, and is locking forward to
returning to school after he completes his final course of chemotherapy.

Mother's feedback:

“The Proton Therapy Center in Prague clearly has a team of experienced professionals who use advanced
proton technology to treat cancer. Everyone here is so kind to us - the staff are always smiling and do anything
and everything they can to help. | feel that our son is in excellent hands here, and the pleasant atmosphere here
has a positive impact on my son - | feel so relieved that he is relaxed and happy here.”

Congratulations Tom! We wish you and your family all the best for the future!
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EJ'IAFOJJ,APFI BU
3A BALWETO BHUMAHUWE!

THANK YOU VERY MUCH
FOR YOUR ATTENTION!
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