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Odporucania pre verifikaciu planov

AAPM TG114 Verifikacia vypoctov MU pre non-IMRT Kklinickt RT

» Ma byt pouzity vypoctovy program a/alebo metodoldgia ktoré su odeelené od primarneho
vypoctu

» Subory s datami oZarovacieho zvazku a ozarovacimi parametrami by mali byt oddelené a
nezavislé od tych, ktoré pouziva primarny planovaci systém

DIN 6875-3 Spezielle Bestrahlungseinrichtungen (ruenzmoduiierte Stranientherapie)

» Wird eine dosimetrische Prifung des Bestrahlungsplans nicht durch -gefihrt, so
ist in jedem Fall eine vom Bestrahlungsplanungssystem unabhangige rechnerische
Prifung der Dosismonitorwerte jedes fluenzmodulierte Strahlenfeldes

~ durchzufuhren

IAEA TRS 430 \

» Pritakmer 60% hlasenych chyb nebola prevedena vhodna nezavisla sekundarna kontrola
ozarovacieho planu alebo vypoctu davky




PTW nastroje pre verifikaciu

Verifikacia meranim... ...alebo sekundarnym vypoctom

OCTAVIUS | - 4D DIAMOND MU Calculation

PTW



OCTAVIUS systémy

VeriSoft®

DIAMOND®

OCTAVIUS® Detector [5® Phantom
1500, 1000 SRS ctor 1500 or 729,
or729 and [Software
VeriSoft® Software
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Softvér DIAMOND... |

» umoznuje definovat nastavenia nezavislého vypoctu davky / MU

» pouziva nezavisly algoritmus a nezavisly subor tdajov o ozarovaci

» pocita davku a porovnava s vysledkami TPS
» pomaha najst’ chyby este pred schvalenim ozarovacieho planu
» je lahko pouzivatelny nastroj pre denné QA

» Setri meraci ¢as na ozarovaci




DIAMOND implementacia
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Co je DIAMOND?

» softver pre vypocet davky v bode
» nezavisla sekundarna kontrola ozarovacich planov bez potreby LINACu

scomranser | A0 Lale/Flan

> Porovnava
_I [ jednotlivé body
o - of Y=
TPS plan DIAMOND
Vytvorenie planu Verifikacia planu

Vratane davkovych bodov nezavislym vypoétom



Co viastne DIAMOND robi?
| DIAMOND wykondva. |

» vypocet davky alebo MU v jednotlivych bodoch
» porovnanie s vysledkami TPS

D -perscription dose per fraction

TPR,,.(d,r,) = Tissue Phantom Ratio from Clarkson (includes POAR)
WF(d, ) = wedge factor

MF = modifier factor

OQAWR( Xogais, Yoaris) = off axis wedge ratio

TF = tray factor

Se = phantom scatter factor based on treated field eq.sq.

Se(J,,,MLC,r) = points-eye Sc integration (includes collimator exchange)
Cal(d) = calibration correction to distance

Wt = field weighting in percent

R, = reference field calibration

P = penumbra correction (jaw, block or MLC)



Clarksonova integracia

Clarksonova metoda pre vypocet davky oddeluje primarnu zlozku
a integruje davku rozptyfovej zlozky ziarenia v bode

e ¥. R. Clarkson
A NOTE ON DEPTH DOSES IN FIELDS OF IRREGULAR SHAPE
By J. R. Cumxsow, Ph.D. The combined protractor and steel rule used
P
kit e e L fDI' radium CEI.E’U!HII-IDI'IS-‘ 15 adm.irabllr" suited to

these measurements if modified by placing the
rule in the position of Fig. 4. Placing the pin at
© on a diagram of the area, r may be measured
quickly and accurately for any value of w.

It may be noted that as it is unusual to have
measured values of depth doses for areas greater
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,Point's-Eye-View" integracia rozptylu hlavice (Head Scatter)

,Point's-eye-view” integracia berie do uvahy ,point’s view” zdroja a FF
modifikovaného oknovym efektom polohy MLC
pouzivajuc namerany rozptyl kolimatora

Points-Eye-View Integration

s TARGET
PRIMARY COLLIMATOR ‘

FLATENING FILTER

bl

Points-Eye-View of Flatening filter




MLC Acu-Trac model

Vlastny model profilu MLC ktory umoznuje presny ,tracking”
meraneho profilu MLC

120.000
100.000 "—-\\

80.000

- oo

40.000

20.000 %‘q\

0.000 ———
0.0 2.0 4.0 6.0 8.0
cm off axis




Import planu — Vypocet — Dokumentéacia

3 BTW-DIAMOND.
Patient  Supervisor Tools QuickCale View Help
Radiation Oncology JHEERY SRR
Palierls
LastName Fist Name Midde Name. AN Date Last Modiied Status 4
DA Bian Sterzo IMRT 2100 M3 123Branscan 150018 May14.12
Doe 17 150020 May 1412
Election MDA method Elections 0 150020 May 1412
Head Neck Step and Shoot IMRT 20000 124427 Jun25.12 E
Joe Patient Rapidrc 12 150012 May 14,12
Jones Maty 1210345430 150012 My 14,12
Jones Mice 321654367 128405 Jun25,12
y s ’ ’ ges \hAT 0827 124406 Jun25 12
1
» Zadat kalkulaéné body do planu a =
Prostate0] CT Flan Step and Shoot IMRT 3005 124342 Jun25 12
Prostatedl GA Step and Shoat IMRT 0 150022 May 14,12
Fadgers FOWdSER2 15001E May 14,12
5

Mary
- , loan Michael 799456 150030 May 14,12
preniest’ do DIAMONDu =

Patient  Supervisor Tools QuickCalc View Help

Patints
|Radiation Oncology - EE | BB)% SR ? |[Pancreas site 01:1 ~[e 250 -] e Patlents
XX ox 2o Y o Clinac 21EX MLC 60 G+
70 131 81 58 121 B3 D 1 ] b
E (all nires in centimeters) Eoipurtsioaded PanMU: 90 Weoh 10000 % |
oo Fisd Aress Dose Result
Open Fidd Eauiv Sauare, 126 om Calcuiated Dace ot these Segments: 34.74
e Dierence from RTF Dose for thie Fiekt 2.80 %
ﬁ_E EquivSquare: 1158 om Total Plan Difference: 0.22 %

@SPD= 10000 cm

X1 © i X2 Clarkson Angle:  1.000 degrees

Type Dynaric
Dose 31

ompare with Treatment Flenning Computer

RS Contours || No Contours

vysledky =

EdtPlanDats | CalcustePlan |[ CabulateFisd || Canesl  |[ Dore |

Select Field Cale Pts. Energy < Gantr. < Gantr. <A < Cell < Couch Plan Ref Point Plan Result Cale Result  %Diff Cale/. DeltaCa. bt
os | | | | |00 | | )
'\‘f PTW-DIAMOND - Step and Shoot IMRT_Pancreas
Patient Supervisor Tools QuickGalc View Help
[Radiation Oncology JHIBEERS SRR
IMRT Summary
Dose .
Treatment Plan:  Pancreas.1 Site 01: 1
Field Energy Plan MU Ref Point PlanDose  MeasDose  Cale Dase  ZDiff Cale/Plan  Deha Cale-Plan  %Diff Cale/M. Delta Cale-Me. Nakes 324
G 250 B 340 IsoCenter 3611 3474 641
G180 B 620 IsaCenter 2898 270 alluil A
G130 = 1020 IsoCenter 32.80 3450
G 90 B 910 IsoCenter 4218 4043
G15 B 870 IsoCenter 38.37 3865
Total 436.00 17842 178.02

» Zdokumentovat’ vyhodnotenie

Measurement System Arslysic

Film: es © No Anay Fiekds ith maps anahzedt
Film Type: Notes: Maps Attached
Other Verfication Method
Desc: Aoceptable Resulls? © Yes () No
Tolerances (+/)
[7] Prirt Measued Data Percent Diference 500 (%efy)
(7] Prirk Adktional Inormation DiseDifcisnes 200 (5

Patient View ), Summary View { Fan\iew , achine Uier Auto Refresh Enabled  Using DIBMOND Network [l I




Udaje o pacientovi: pacientska DB, demografické Gidaje, datum, plan a polia

P PTW-DIAMOND - DICOM import Eclipse_Prostate IMRT

Help

3|25 [P

I Patient Supervisor QuickCale View Tools

| Radiation Oncalogy T

[ Choose Files to Import

Patients
(=~ 83 Gut Rositha 25.04.1949 123

(= § 22.07.2010 100840.640000

RTPlan Plan Instance UID

1.2.246.352.71.5.1072637823...

MRN

Status =

Date Last Modified

Zoznam planov

Zoznam poli

5@ Ay RTPlan Name Unable to retrieve the tag (30... cL2100 12:14'36 Now 05,13 ‘,i,
| L B s i =i 2100CD 120MLC mz2zs oaoe 13 £0ZNAM &
+-[ ) RTPlan RA Eclipse.dem RTPlan Date 20100727 foe cL2100C 12:14:57 MNow05, 13 . =)
B s TPl Time o7 Synerqy Pinnacle 151827 Nevi4 13 PACIEN tov o'
- 88 Scho VAT 21111500 123456 21EX Eclipse 141306 Oct04.13 @
21EXEclipse 130450 Sep 06,13 &'
Atiste RaySearch 13.0424 Sep06.13 =
. |cL2100DHX 13:20:44 Jan13.14 @'
21Ex MLCED 16:24:36 Sep 16,13 @' |
21EXMLCE0 G 13:04.46 Sep 06,13 a |
ImportPath: | C:\Users\Public\Documents\PTW\Diamond5.3 2. 0\CPCE2013 DIAMOND Sales Training [Finc. Subfolders s cLz100C 12:15:14 MNow 05,13 o
e e Hs CL2100C 13:00:54 Sep 26,13 -y
I S e [E = BeamModulator 111214 Now 11,13 - |
| . Wedge OAF P 10:49:34 Sep18.13 o
| Gl P R A 1a.0ran Mo fr 49 T
) @ Acti i
C= ] & ot (R Lok (@ inscivas | ©AcVePetens
2  Inactive Patients
Treatment Plans Calculation Fields
Plan Name Machine Field Mame Field ID Energy RTP-MU  Date
OCTAVIUS 4D Site 01: DYNAMIC DT = 20130523:165348 | CL2100DH~ Field 1 1 B 13654 11:46:06 MNow 05, 13
Field 2 2 BX 13654 11:46:06 MNow 05,13
Field 3 3 B 13654 11:46:06 MNow05 13
Field 4 4 6 14270 11:46:06 Mowv 05, 13
Field 5 5 B 10266 11:46:06 MNow05, 13

% New ||% k& |3 vew |[[B cow ||Fx  Deew B nvew |[@ ex [[B vew |[B comw (@ Ocee |-
Patient View ( SummaryView ) FlanView ) MachineView S UM




Patient Supervisor Qu Tools Help
fadl A #2 e Y ¥ = CL2100DHX
6.0 108 48 38 96 58 U 40 : | :
T ASY (oll entries in centimeters) wASY 35 exrirol popis Iadud: PlanMU: 1365  Weight 10000 %
Y2 Field Areas Dose Result:
Open Field Equiv Square:  10.2 | cm Calculated Dose for these Segments:  53.87
d Difference from RTP Dose for this Field: -0.40 %
B eam J S Treepied Field
Equiv Square: 629 cm Total Plan Difference: -0.66 %
Eye @ SFD = 10000 cm
o View Predpisana davka
Clarksaon Angle: 5000 degrees|
. Type Dynamic [¥] Compare with Treatment Planning Computer
| Dose 5365
|
| ROI Contours Manager Calculate Maps
EdiPlenData || ColculetePlen || CalculateField || Cencel Done
Select Field Cale Pts Energy < Gantry 5t... < Gantry End < Are < Coll < Couth Plan Ref Point Plan Result Cale Result %Diff Cale/Plan Delta Cale-Plan
eld ante i 0.40
| Field 2 ACP 73 300 0.0 0o 0.0 0.0 1365 MU IsoCenter 50,80 cGy 50,86 cGy
Field 3 ACP B 45.0 45.0 0.0 0.0 0.0 1365 MU IsoCenter 50.06 cGy 50.41 cGy
Fiedd POJ1A ACP BX 100.0 100.0 00 0.0 0.0 142.7 MU IsoCenter 53.92 cGy 54.20 cGy
Field 5 ACP B 180.0 180.0 0.0 0.0 0.0 1027 MU IsoCenter 37.49 Gy 38.20 cGy
| Globai Poits | Poirt Editor | Modiiers | Cakedston Resuls | ,
# i Point Name » hd 55D Dgeo Detf TPReff Sc Sp Trans % Mu Ace MU Doze Aec Doge o
Segment 40; lsoCenter 09738 -
Segment 41; IsaCerter J 063839 0.9362 0.973 100.00 1.42 583 088 16.44
L [ [ D) ll.ln._l‘.gul;u 1 £908 (11 %Eﬁ 11 i"“ 150 149 [ =] ".( ﬂ M. 179 o
T T O e, e i g oo et @ [N




Dokumentacia |

TP PTW-DIAMOND - DICOM import Eclipse_Prostate IMRT lo@] = |
- Radiation Oncology ] T 2: iy | |5 {r_"_ bl |
IMRT Surmay | Vysledky Odchylky
Treatment Plan: OCTAVIUS 4D Site 01: DYNAMIC DT = 20130523:165348
Foeld Enesgy Plan MU Ref Point Flan Doze Meaz Doce Calc Doz X%Diff Calc/Flan = DeltaCalc-Plan | %Diff Calc/Meas = Delta Calc-Meas Notes
Field 1 B 135 IsoCenter 53,65 5387
Field 2 6% 1365 IsalCenter 50,80 5086
Field 3 BX 1365 |saiCenter 50.08 5041 |
Field 4 B 1427 |saCenter 5392 54,20
Salla B T3 P R 7
| Totak £54.98 245.92 24753
~ z H
Celkové rozdiely i
Calcudate
Measurement System Analysis
Film: (71Ye: @ Mo Aray: Figlds with maps analyzed:
Filrn Type: Motes: Maps Attached:
Other: Vesification Method:
Desc: Results? |
e Sloezriaie Yer @No Tolerances  [+/]
|| Print Measused Data Percent Difference 500 [%cGy]
|| Print Addtional Informiation Dose Difference 200 (cGy)
[l
Poznamky
I

r\_ Patiort Viewr ) Summary View { PlanVisw ) MachineView / m




Distance to Agreement Setup

Fadius:

millimeters

[ Modify EFF Depth

'

Ik, ] [ Zand

Distance to Agreement: Results

X Y Geo Depth Eff Depth MU ZDiff Abs Diff
-0.78 2.77 17.30 17.30 64.16 38.08 -39.46
-1.28 3.27 17.30 17.30 61.61 40.54 -42.01
-1.28 2.27 17.30 17.30 112.90 -8.96 9.28
-1.28 2.77 17.80 17.30 101.63 1.92 -1.99
-1.28 2.77 16.80 17.30 101.63 1.92 -1,99

Closest match found at (x,¥): (-1,78,2.77)

Distance to Closest Match: 0.500

[] Create a new Active Calc Point and transfer the selected coordinates to it.

O

g

Cancel




Fluenéna mapa

UzZivatelom definované rozliSenie, mozna na Urovni drziaka bloku, r6zne moznosti

B Maps w
© conkour Map [W] Color Wash Lines: @ Elack Pen: @ thin
i Backaround = - Lndte T

Contour Levels: 10 Black. ) Colored ) medium

: (@) White 7 Ehi
) Bitmap 2 ) thick E

@ Color Greyscale
264.3

TR

2379

2115

185.0

158.6
132.2 '
1057

79.3

& Dimension
K= -3.00 cm
¥= 0.25 crm
Flusnce = 84,50 MU

Eﬂ Snap ko Poinks W

52.9 HU

zang

26.4

0.0

¥ Dimension
A= 309 m
Y= 0.50 cm
Ok ] [ Expart Makrix ] Flusnce= 72,41 MU

|Z Snap to Points

4 »

nahladu

™~ Profily

Zobrazené
jednotlivé
hodnoty

Export
Ako subor

Rozhranie do VeriSoft-u pre porovnanie map



DICOM RT Dose

-
. ¥
TPS Plan
DICOM RT Plan \
DICOMRT Structure
ZDnff Cale/Plan
il g
Patient Calculation Compare Create fluence

de

single points

and dose map/

DIAMOND



Sposoby vypoctu pre elektronové zvazky

» Standard — Output faktory pre kazdy aplikator
» Extended — Output faktory versus hodnoty pre ekvivalentné Stvorcove polia

» MDA Electron Calculation (volitelne)

obsahuje elektronové ,depth dose” data a elektronové ,air gap* data pre kazdu
energiu




Konfiguracia DIAMOND-u

Geometria

» Zozbierané udaje o ozarovacoch v PTW-Freiburg pre Varian, Elekta a
Siemens




Konfiguracia DIAMOND-u

» PDD » S, a S, hodnoty » Off-axis profily

3x3cm? po max. velkost pola 2x2cm? po max. velkost pola 5 hibok pri max. velkosti pola

» Minimalne pozadované parametre pre kazdu fotobnovu energiu
» Dodato¢né udaje ako transmisia, kliny, optimalizacia polotiena, elektrony




Konfigurécia DIAMOND-u
DIAMOND indtiticie |

» Moznost integracie niekolkych institucii do jednej siete
» Kazda institucia so svojimi preferenciami, ozarovaémi a pacientmi

» Moznost archivacie neaktivnych pacientov




Konfiguracia DIAMOND-u
DIAMONDsiet |

|

LN N N

T

A
v

LAN
Server Neobmedzeny pocet WS

» Standalone verzia v laptope alebo PC
» Server-klient verzia s dajmi o pacientoch a ozarovacoch na serveri
» Integrovana sprava uzivatelskych prav (uzivatel / supervizor)

» Vratane DICOM SCP servera




Konfiguracia DIAMOND-u
PTWpodpora |

Podpora pre za¢iatok s DIAMOND-om obsahuje:

» 90-driovy SW test — plna verzia so vSetkymi options

» poskytnutie (podobného) suboru udajov ozarovaca pre lokalny LINAC
» vzdialena podpora pre merania

» podpora uvedenia suboru udajov prvého lokalneho LINACu do prevadzky




DIAMOND Highlights |

» Pridavna funkcionalita pre OCTAVIUS systemy s 2D rozhranim do VeriSoft-u

» Vyznamna uspora ¢asu na LINAC-u

» Priamy, transparentny a rychly algoritmus

» 3D konformna RT, Kkliny, IMRT, VMAT, FFF a elektrony

» Automaticka hustotova korekcia (density correction) s VMAT&ROI option
» Neobmedzeny pocet klientskych licencii

» Spifia medzinarodné odportéania (napr. AAPM)

PTW



Aktualne DIAMOND 6.0

ROI modul pre VMAT a IMRT |

» Vypocet Gtimu ozarovaceho stola
» Import vSetkych ROI s prednastavenymi hustotami

» Pocetné grafické informacie

FFF zvazky |

» overené pre body blizko CAX

Viaceré davkove body |

-300

Vydany v aprili 2015

6MV FFF Open Field Profiles for AAA

12000
Normalized profiles (%)

Al
A0 1 N
L)) 0
—-‘-'—""/‘_...:.n‘.m ] é:.;“‘-ﬁ.—
-200 -100 0 100 200

Off-axis distance (mm)

300




Option VMAT&ROI: DICOM Structure Set Import / korekcia pre nehomogenity

vv" PTW-DIAMOND ROI Cenfiguration = | =

' ROI Selection | = ROI 3D-View

3D-
Prehlad

a . ¥ CouchSurface
nas t avenia ¥ Couchlnterior
v BODY
¥ cord+3mm
=« Contour View
Graficke
informacie

Cursorat  -3.04 f 486 / 000cm

000 ¥: 0.00 Z7: 0.00 em

SSD a Deff ‘ —

informacie “CalcPomt D Dgeo  Deff Position

¥ CalcPointl 9462 236 236 - 6.95 ! Gantry: 763 ° Slice at:




Option VMAT&ROI: 3D View |

» 3D pohlad s rotaciou a zoomom

» Ovladanie pomocou sliderov:

poloha transverzalneho 2D rezu

uhol gantry pre vypocCet SSD a
efektivnej hlbky




RCI Preferences

R2I Preselection

Moke:

Every selected ROI name means that after importing a DICOM Struckure file these ROT's will be
preselected For using in calculation, The second parameter specifies the attenuation cosfficient

af the ROI,

ROl Mame Body Denszity
|v B0y 0 1.00
P ZouchInkerior ) 0,00
[7 Couchsurface ) 0,73
[v LLung O 0.30
[v R Lung e 0.30
[v Bone % 1.10

‘& PTW-DIAMOND ROI Configuration

[ Hdd ] IRemwe I

» ROI preferencie
» Viaceré body
» Off-axis korekcia

» Zadavanie viacerych udajov

ROI Body Color Density
7 BODY . 1.00

¥ CouchSurface 1.00
¥ CouchInterior 0.00
Esophagus 1.00
Heart 1.00

Liver 1.00
7 PV 1.05

¥ Spinal Cord

Calc. Point SSD Dgeo Deff
¥ CalcPointl BB.64 980 1004
¥ CalcPoint 2 8727 1079 173

Opacity

3%
18 %
18%
0%
0%

o L Lung . 0300 w70 %1

0%
0%




Option VMAT&ROI: 2D View |

» Graficky vyber ROI
» 2D zoom

» 2D rezim vyfarbovania rezu

automatick& normalizécia Skaly sivej
~-mouse over" funkcia ukazuje farbu & nadzov

» Online vypocet

SSD
geometrickej a efektivnej hibky pre vietky Cac.Pomt  SSD Dgeo | Deff
body pri zvolenom uhle gantry 7 CalcPointl 7586 2599 1680

¥ CalcPoint?2 7599 2636 1764




Edit Plan Data o

Select Global Calc Point: imﬂ > ‘

' ' ' CalcPoint1
B Do (MU G e
Lunge i hRCW 63.8 260,00 10.51 10.51 1.000

Lunge i RCCW 361,33

» Moznost ulozit’ davky pre viaceré body v kazdom poli




DIAMOND vyhliadky

[ DIAMOND 6.1 > » Brachy Module

(Q4 2015)

[ DIAMOND 6.2 > » CyberKnife

(Q3 2016)
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