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* Cyklotron Proteus 235,
maximalni energie 233 MeV, na | =
vystupu v ozafovné 226 MeV,
tj. dosah 32 g/cm2 kS
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svazkem, 3 otoCné gantry A e Wy,
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 Energie pouzivané v klinickém :
modu v rozsahu 100-226MeV




tesl. PROTON
$2895: THERAPY
‘;ee:- CENTER

S Pencil beam scanning

* Na vsech ozarovnach
svazek v moédu pencil
beam scanning (PBS) ;

 Velikost pole max.
30x40 cm?

 Dosah 7,5-32 g/cm?,
pro mensi hloubky
pouzivan range shifter

« Ozarovani po vrstvach
(s danou energii), bod
po bodu




i e | presne Planovaci systémy

e PUvodné k dispozici XiO (Elekta), nyni postupny prechod
k RayStationu (RaySearch Laboratories), v soucasné
dobée pouzivany oba

* Dokoncena prejimaci zkouska pro ozarovny 1 (fixed
beam) a 4 (gantry)

* Planovaci systém RayStation - verze 9, momentalni
prechod k verzi 11

* Probiha prejimaci zkouska pro ozarovnu 3 (a soucasné
priprava pro low range svazek s energii 70 MeV)

* Verifikacni systém Mosaiq

& ho®oded

Plice Zazivaci trakt Prsa Mozek a CNS Diagnostika
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13723 Riverport Drive, Suite 100,
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DS s TPS RayStation

* Vyuzivame MC engine, s vyhledem vyuzivani GPU

* PB algoritmus neni vhodny pro plany s range shifterem
(nepouzivame)

* Moznosti pro pokrocilé konturovani (OaR)
* Moznosti pro automatické planovani (pomoci skriptu)
* Moznost vyuziti deformabilni registrace obrazu

* Systém mozno vyuzit i pro fotonové svazky, vcetné
Cyberknife a tomoterapie

aaaaaaaaaaa Diagnostika

Prostata Plice Zivaci kt Prsa Mozek a CNS ym



i RER | plesne TPS RayStation-nabirani dat

* Hloubkovky-v celém rozsahu energii po 5 MeV, ve
fantomu (OmniProAccept), normalizace 100% do
maxima, nasledné ruc¢ni Uprava odchylenych bodu
(skript)

* Spoty-v celém rozsahu enerqii, centralni single spot

- geometrie - v izocentru, -10 cm, -20 cm, +10 cm,
+20 cm, (+40 cm - tésné u vystupu z nozzlu), Uprava
a centrovani profild spotu (skript)

- 2D scintilacni detektor Lynx

* Davka - ve vodnim fantomu pro cely rozsah energii po
5MeV, méreno ve 2 cm PPCO05

P00 OO

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
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TPS RayStation-vytvoreni modelu-hloubkovky
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nning data Spot profiles Absolute dosimetry

FBTR1 [12 Feb 2020, 17:08:17 (hr:minzsec)]
Pencil Beam Scanning
“ GTR2[14 May 2021, 09:33:57 (hrmin:seq)] Nominal R80
Energy [MeV]  Energy [MeV]

Pencil Beam Scanning
“ GTR3[08 Mar 2022, 09:23:14 (hrminzsec)) | 70.00 70.50

Pencil Beam Scanning| 75.00 7548

“ GTR4 [16 Apr 2020, 07:45:52 (hrsminsac)) 80.00 80.45

Pencil Beam Scanning 85.00 8538
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Commissioned machines £
“ FBTR1 [12 Feb 2020, 17:08:17 (hr:min:sec)]
Pencil Beam Scanning
GTR2 [14 May 2021, 09:33:57 (hr:min:sec)]
Pencil Beam Scanning
GTR3 [08 Mar 2022, 09:23:14 (hr:min:sec)]
|
GTR4 [16 Apr 2020, 07:45:52 (hr:min:sec)]
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RSL_MEV_S250_DS[02 Nov 2018, 16:19:00 (hr:min:
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General  Scanningdata  Spotprofiles . Pristine Bragg peaks  Absolute dosimetry.
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Nominal Beam meterset calibration
Energy [MeV] | lons per MU
70.00 6.134E+7
75.00 6.455E+7
80.00 6.799E+7
85.00 7.112E+7
90.00 7.439E+7
95.00 7.720E+7
100.00 8.026E+7
" 105.00 8.300E+7
110.00 8.566E+7
115.00 8.869E+7
120.00 9.070E+7
125.00 9.360E+7.
nergy [MeV] All -
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olution [cm] 0.20
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2.00
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Measured | Computed MC | Uncert [%] | Rel diff [%] Computed PB | Rel diff [9] —— Computed MC
- * i
0.001192 0.001192 0.03 0.00 0.001192 0.00 { 1
0.001144 0.001143 0.04 -0.11 0.001144 0.00 | §
0.001114 0.001114 0.04 -0.06 0.001114 0.00 | R T R e s
: ®
0.001089 0.001088 0.03 -0.07 0.001089 0.00 £
0.001069 0.001068 0.03 -0.10 0.001069 0.00 &
0.001051 0.001050 0.04 -0.06 0.001051 0.00 5
0.001040 0.001040 0.04 0.08 0.001040 0.00 100 150 200
0.001030 0.001031 0.03 0.04 0.001030 0.00 Nominal Energy [MeV]
0.001019 0.001020 0.03 0.04 0.001019 (X)) -
0.001016 0.001015 0.04 -0.04 0.001016 0.00 Measured
=7 Computed PB
0.001002 0.001002 0.04 -0.01 0.001002 0.00 s \ — Computed MC
= 3 ~
0.001003 0.001003 0.04 0.01 0.001003 0.00 ) \\
o
9.988799E-4 9.988130E-4  0.03 -0.01 9.988799E-4  0.00 g 0-00m =
9.953225E-4 9.960862E-4 0.04 0.08 9.953225E4 0.00 E
9.948975E-4 9.946856E-4 0.04 -0.02 9.948975E-4 0.00 :‘l‘-
9.935597E-4 9.942234E-4 0.04 0.07 9.935597E-4 0.00 = oo
9.920354E-4 9.923465E-4 0.04 0.03 9.920354E-4 0.00 é ~—
i 0.04 0.14 9.925824E-4  0.00 100 150 200
9.925824E-4 9.939797E-4 0 Norminal Energy [MeV]
9.936275E-4 9.937253E-4 0.04 0.01 9.936275E-4 0.00 = 4
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DIeS e TPS RayStation-prejimaci zkouska (PZ)

* Priklad PZ

* Anatomicka reprezentace pacienta - akvizice, geometricka
presnost, orientace a dalsi parametry pouzivanych CT (stupné
sedi), 2D a 3D zobrazeni, souradny systém

« Zobrazeni svazkl pro externi RT-popisky, souradné systémy,
lzocentra

« Dozimetrické ovéreni svazkl pro ext. RT-kostky 5x5 a 10x10 s RS,
bez RS

* End-to-end test pacientského planu
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PouZity pacientsky plan: Kostka 5x5x5 cm, stred v 15 cm, bez RS
Geometrie: SAD Plan 1D: GTR4 kostka 5x5x5 bez RS MC Snout position: 43 cm
Mame: PZRayStation20 Field: MCS 1Z0: 15 cm
ID: PZRayStation20 Ozafovna: GTR4 Pocet MU: 433,28
Elektrometr: DOSE1 5N16098 kaa: 1,035 Tlak: 9744 hPa
Komora: FCB5P SN3565 Kol 1,000 Teplota: 21,60 °C
Kal. faktor Np, 4,829E+07 Gvy/C Vychozik,,: — (V1/v2=2) kgt 1,046
Fmifend alg. MC - variance 0,5 % alg. PB - mfizka 1 mm
Bod| Hloubka M1 M2 Odezva IC2 A || g e e
C i davka 2] 5)
e | [em (5] (=] Mu] e iy ic2 Predil. davka | oy ks b paerf] P99 0tk b el
[Gy] Gyl [Gyl
4500 W +250V [Gy]
1 5,00 24,640 24,270 433,37 1,015 1,30717 1,30690 1,3182 -0,86 1,3182 -0,86
2 8,00 26,130 25,700 433,20 1,017 1,38832 1,38858 1,3636 1,83 1,3636 1,83
3 | 13,00 34,350 33,830 433,28 1,015 1,82253 1,82253 1,8182 0,24 1,8273 -0,26
a4 | 15,00 34,330 33,700 433,29 1,019 1,82767 1,82763 1,8364 -0,48 1,8273 0,02
5 17,00 34,310 33,390 433,31 1,028 1,84358 1,84345 1,8182 1,39 1,8273 0,89
pacientsky plan: Kostka 5x5x5 cm, stredv 15 cm, s RS
Geometrie: SAD Plan I1D: GTR4 kostka 5x5x5 s RS MC Snout position: 43 cm
Mame: PZRayStation20 Field: MCRS5 1Z0: 15 cm
ID: PZRayStation20 Ozafovna: GTR4 Potet MU: 554,45
Elektrometr: DOSE1 5N16098 kot 1,035 Tlak: 976,5 hPa
Komora: FCB5P SN3565 Koot 1,000 Teplota: 21,60 °C
Kal. faktor My, w: 4,829E+07 Gy/C Vchozi ke o (V1/v2=2) Kep: 1,043
e Zméfend alg. MC - variance 0,5 % alg. PB - mfizka 1 mm
Bod | Hloubka M M2 OdezvaIc2 ZMEFENS s ka korig. ng dehylka dehylka
° Inc] [nc] e divka B "2 predik. davka | OV Predik.davka | OdctV
& [cm] [Mu] 16y] Ic2 o korig. D na IC2 1641 korig. D na 1C2
+500 +250 V [Gy] i [%] v [%]
1 5,00 24,870 24,610 554,44 1,010 1,31034 1,31036 1,3182 -0,59 1,4091 -7,01
2 8,00 26,290 26,020 554,44 1,010 1,38489 1,38492 1,3636 1,56 1,3636 1,56
3 13,00 34,460 34,120 554,43 1,010 1,81452 1,81459 1,8091 0,30 1,8727 -3,10
a4 | 15,00 34,580 34,180 554,47 1,012 1,82401 1,82395 1,8182 0,32 1,8727 -2,60
5 17,00 34,360 33,940 554,44 1,012 1,81363 1,81367 1,8364 -1,24 1,8818 -3,62

STKA 101010 RS ME-(CT-1)—

= 3

Pencil Beam Scanning

Uncert [%] Define views for

report

Inspector

Plan dose (RBE): g3 KOSTKA 10-10 10°RS MC (GT-1)
Clinical: Monte Carlo v4'5

Constant 1.1, Constantfac

RBE Scale factor: 1.1 >

Tot. ions: 1038034044,

Constant 1.1

Plan dose [RBE): gtr3 KBSTKA-10-10-10 RSMC-(C
Clinical: Monte Carlo v4!5

Constant 1.1. Constant|factor

RBE Scale factor: 1.1

ﬂf Tot. ions: 1038034044
|

Sagittal: 0.05 cm

Save as

TPS RayStation-PZ

Diagnostika
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#> Edit plan
Copy plan
Delete plan

B close plan
Dose grid
"] Set default grid

GTR2Hlavaposuny

Name Machine = Fractions

GTR2Hlavaposuny GTR2 1

- GTR2HIlavaposuny [CT Confidence HF‘:-] ‘
ro v4.5

Load ;témbléte - Copy from...

’.Z Move isocenter
*:0 Set to intersection

QA Preparation

AN Rotate gantry

G Rotate collimator

DRR settin,
e +> Rotate couch

TPS RayStation-PZ

Treatment Delivery

El G6TR2HIavaposuny
E Final dose %

Scale dose

# GTR2Hlavaposuny

Monte Carlo 2.00 Gy (RBE) x 1 fx

Uncert [%] Define views for  Auto scale to

insheston report prescription

Plan dose [HEE] GTI Hla\apmuny (GG
Lfnlv:al Mont

Modality Treatment technique = RBE model

Protons Pencil Beam Scanning Constant 1.1

CT: CT Confidence HFS

PTCSP-LT

CT: CT Confidence HH

. Coronal: 19.04 cm

Tot. ion:

| Patient setup... Renumber beams...

Snout .
Description  Isocenter [cm] e westion fan] Min CAX [deg] Rotation shifter

Name

. — GpBBEL

103005480

Enerm- Layer 1710

Save as template...

Air gap [cm] Gantry Couch [deg] Range SpotTuneiID MUY/

®©H SO
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Fraction dose data

Bacanter nane “Bqa VERIF ClakoepIC |

tseanter o] RightLeft 0.00 hi-Su: 0.00 Post-fat 0.00
Dose e Physeal

Dose gt rasalutien fer] Right-Left 0.10 ESuw: 0.10 Posi-Aut 0.10
Beams 1.2

Prostata SIB

GTR4Akeept_RSBlock_MC 5404...

Digiphant - PTC - SN18404 v

8,11952E-05

|
2/RS Block
2149743715
Digiphant
30.2x30.2x30.2 / 1 mm 976,7 976,7
1 215 21,57

—
|

30712,99
96,95 A

Points Of Interest

g POl geomeaties lound

D H O®

Prostata Plice Zazivaci trakt Prsa Mozek a CNS Lymfomy Diagnostika
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* Vyhody

* Rychly vypocet -»v budoucnu vyuziti GPU a moznost se
venovat napr. Robustni optimalizaci

 Mnoho modernich vychytavek usnadnujicich
planovani/konturovani

* Nevyhody
* PB algoritmus neni pouzitelny pro pole s RS

& hoem®e

Plice Zazivaci trakt Prsa Mozek a CNS ymfe Diagnostika
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