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Disclaimer

* Anonymita uCastniku (vyjma TOP 3 s jejich souhlasem).
» Ugastnici z MOU nemaéli pFistup k vyhodnoceni ani k

planum jinych ucastniku — stejné podminky pro vsechny.
* |nspirace z mezinarodnich studii


https://proknow.com/

Proc? A procC tak tezke?

NejCastejsi dotazy

— Proc?

— ProcC tak tezke?

Snadny a standardni plan do podobné studie by nemel moc smysl. Verim,
ze by se prihlasilo spoustu kvalitnich planu a nebylo by moc co hodnotit.

U takto komplexniho planu muze dojit v klinické praxi i na rozhodovani,
jestli bude kvuli pfitomnosti kardiostimulatoru snizovana davka. Samotny
ozarovaci plan pak muze o tomto rozhodnout.

Urcite je dobre se podivat, jak se planuje jinde a treba se nechat
Inspirovat, vystoupit ze sve planovaci rutiny.

Hledani spolecného reseni. Jaky pristup, technika atd. se ukaze jako
nejefektivnéjSi. Kolik poli, kyvu, izocenter, rotaci stolu atd.

Benchmark



Zadani
* Lokalne pokrocCily

nemetastaticky
spinocelularni karcinom

stredniho jicnu k
definitivni radioterapii
54Gy/30fr

 PTV (1447 cm?)

« Kardiostimulator
Endurity Core Dr- Abbott
v rezimu DDDR
(implantace 2018),

pacient neni
dependentni na
stimulaci.
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(e PlanlQ™

Zadani ——

* 16 bodovanych
metrik s ruznou
vahou

e Celkem 150 bodu
* Metriky s nejvetsi
vahou:

— Pokryti PTV
davkou 51,3 Gy

— NearMax davka
Ka rd I O Stl m u I éto r Generated By: Anonymous User [ Unspecified Site | 15.06.2022 10:18:40 7 1l

IQ PlanlQ™

SMETRIC ID (20 Tetal Metrics)

[The specified structure's valume (cc) covered by specified dose (Gy)]? / [Total volume (cc) covered by specified dose (Gy) x Total
Moereber  volume (cc) of the specified structure]

Conformality [Volume (cc) covered by specified dose (Gy)] / [Total volume (cc) of the specified structure]
Index Generated By: Anonymous User [ Unspecified Sife | 15.06.2022 10:18:40 2




Kontroverze - neutrony

Davka na CIED a kategorie rizika

Pacient
ot
neutronu
Pacient
nezavisly na Nizké riziko Stfedni riziko | Vysokériziko | Vysokeé riziko
, . . . . ;. stimulaci
Odborné stanovisko k péci o pacienty s implantovanymi

Pacient
kardiostimulatory a implantabilnimi kardiovertery-defibrilatory s
Y _ P _ , _ N y Y Eést:ﬁgﬁl—i-'anglné Stfedniriziko | Stfedniriziko | Vysokeé riziko | Vysoké riziko
indikaci k radioterapii ;;:w‘:aci

Béhem radioterapie, kdy maze dochazet k produkci neutront, je odhadované riziko poskozeni
pfistroje cca 12 % pro 15 a 18 MV fotonoveé svazky a 29 % pro protonové svazky. Ke snizeni téchto rizik
doporucujeme pouZivat u pacientt s implantovanymi CIED |é¢bu fotonovymi svazky s energii nizsi nez
10 MV a nepouzivat protonovou lécbu.

https://www.srobf.cz/downloads/odborne-stanovisko-k-peci-o-pa_.pdf



Kontroverze - DVH

 Interpretace DVH neni konzistentni napric
TPS

 V praci testovan TPS PINNACLE (A,C,E,G)
vs PlanlQ (B,D,F,H) — srovnani
analytickych a numerickych DVH krivek
syntetickych struktur (dostupné ke stazeni)

Methods, software and datasets to verify DVH calculations against analytical values:
Twenty years late(r)

Benjamin Nelms, Cassandra Stambaugh, Dylan Hunt, Brian Tonner, Geoffrey Zhang, and Vladimir
Feygelman




Kontroverze - DVH

» Priklad z nasi studie, prumérna
davka LAD

— TPS Eclipse 9,95 Gy ~ 10 bodu
— PlanlQ 10,82 Gy ~ 8,35 bodu




PIanIQ

Software spole€¢nosti SunNuclear
 Neni TPS
» Feasibility — analyza proveditelnosti zamysleného planu
« QAplanu a TPS
* Nezavislé porovnani planu z riznych TPS
» Neékteré publikace zminujici PlanlQ:

Fried D, Das S, Marks L, and Chera B. Clinical Use of A Priori Knowledge of OAR Sparing During
Radiotherapy Treatment for Oropharyngeal Cancer: Dosimetric and Patient Reported Outcome
Improvements. Practical Radiation Oncology, May-Jun 2022; 12(3).

Smith A, Granatowicz A, Stoltenberg C, et al. Can the Student Outperform the Master? A Plan
Comparison Between Pinnacle Auto-Planning and Eclipse knowledge-Based RapidPlan Following
a Prostate-Bed Plan Competition. Technol Cancer Res Treat. 2019 Jan-Dec; 18.

Ahmed S, Nelms BE, Gintz D, Caudell J, Zhang G, Moros E, and Feygelman V. A method for a
priori estimation of best feasible DVH for organs-at-risk: Validation for head and neck VMAT
planning. Med. Phys. 2017 Oct; 44(10).

Fried D, Chera B, and Das S. Assessment of PlanlQ Feasibility DVH for head and neck treatment
planning. J Appl Clin Med Phys. 2017; 18(5).

Gintz D, Latifi K, Caudell J, Nelms B, Zhang G, Moros E, and Feygelman V. Initial evaluation of
automated treatment planning software. J Appl Clin Med Phys. 2016; 17(3).

https://www.sunnuclear.com/products/planiq



Statistiky

» 16 planu z dvanacti pracovist — Dekuji ©
« 15 x fotony, 1 x protony ——)» vytvoreny dvé kategorie

* Fotonove plany
— 14 x VMAT, 1 X IMRT
—11x6 MV, 3x6 FFF,1x10 MV
— 8 X AXB, 4 x AAA, 3 x Monaco
— 1 plan 2 izocentra (zbytek planu jedno izocentrum)

— 1 plan 2 rtn. polohy stolu, 1 plan 3 rtn. polohy stolu (zbytek
planu jedna rtn. poloha stolu 0°)



Kategorie fotony



Statistiky

Celkem 15 planu 7 pland nad 100 bodu
Body: 3 plany nad 110 bodu
Pramér: 96,65
Median: 97,31

Maximum: 113,57
Minimum: 67,92

Pocet plani

(70, 75] (80, 85] (90, 95] (100, 105] (110, 115]
[65, 70] (75, 80] (85, 90] (95, 100] (105, 110]

Body




Analyza modulace — pocet MU

Pldvodni myslenka: Struktury jsou

pro vSechny stejne, energie

svazku je (téméer) stejna, pro

VMAT plany bude pocCet MU
jednoznacnym ukazatelem stupné 120
modulace planu. S vyssi modulaci

roste riziko chybného dodani. 110
100
Rozdilné kalibrace davky LU na
pracovistich! Analyza jen g 90
orientacni. @ 80
V grafu vlevo nahore
,nejefektivnéjsi“ plany. Vysoky 70
bodovy zisk a nizsi poCet MU. 60
20

VMAT plany IMRT plan
Max: 1176 MU 1920 MU
Min : 403 MU
2 !i o l"!’ti—————
— o
. ° IMRT plan
9_. o
st =
o
500 1000 1500 2000

MU

2500



Analyza poctu uhlovych stupnu VMAT

planu

Bodovy zisk VMAT planu
v zavislosti na poCtu uhlovych
stupnid. 120
Byla provedena korekce na 110
avoidance sektory.
100
S, 90
3
@
80
70
60
50

Max: 1790°
Min : 580°
a °
. A
© e
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@ttt
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. |
°
°
°
400 600 800 1000 1200 1400 1500 — .

Pocet uhlovych stupiii



6 MV vs 6 FFF S——

FFF svazek

teoreticky vyhodnegjsi.

Davka [Gy]
w
o0

W
(o))

Samoziejmé s takto 3.4
malym vzorkem se 3’3
nejedna o zadnou 6 MV 6 FFF
statistiku. Spise pro
zajimavost. Body za plan
- -~ with filter 120
| — no filter 115
£ 110
s 105 ——
Dosimetric properties of photon beams from a S 100 ———
flattening filter free clinical accelerator -§‘ 95—
@ 90—
Oleg N Vassiliev, Uwe Titt, Falk Ponisch, Stephen F Kry, Radhe Mohan
and Michael T Gillin 85
80

The University of Texas M D Anderson Cancer Center, 1515 Holcombe Blvd, Houston, TX,

77030, USA 6 MV 6 FFF
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Volume (%)

Volume (%) -—>

Cumulative DVH [Vol (%) vs. Dose]
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Cumulative DVH [Vol (%) vs. Dose]
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Srovnani planu

68,822 74,093
61,173 nmim 1 . mm 2 . mm 3 .

63,17 Gy 69,70 Gy 60,67 Gy

54,00
51,30
45,00

0,00

54,00
51,30

62,000 mm

59,92 Gy

60,29 Gy

58,90 Gy

54,00
51,30




Srovnani planu

-11,178 mm 2 -5,907 mm

69,70 Gy

60,67 Gy

-16,800 mm 15 -18,000 mm
60,29 Gy ) 59,92 Gy

54,00

51,30

20,00

0,00




TOP PERFORMERS




3. MISTO - 110,54 BODU

Metric ID Objective(s) AD | P/F Result Score  Max Performance
- Volume (%) of the PTV covered by 51,3 (Gy) =90 [= 100]

. St an I S | aV M aC h a.l a. Volume (%) of the PTV covered by 54 (Gy) =50 [= 100]

Conformation Number [51,3 (Gy), PTV]

y 4 [ 4
® N Ovy J I C I n Dose (Gy) covering 2 (%) of the PTV <
Conformality Index [27 (Gy), PTV] <4

° Ari a 1 6 1 4 Dose (Gy) covering 0,03 (cc) of the KARDIOSTIMULATOR
L} L Mean dose (Gy) to the KARDIOSTIMULATOR
Volume (%) of the KS_PRV covered by 5 (Gy)
° o
yVy Volume (%) of the GTV covered by 54 (Gy)
Dase (Gy) covering 0,03 (cc) of the SPINALCORD

[ 6 M V Daose (Gy) covering 0,03 (cc) of the SPINALCORD_PRV

Volume (%) of the LUNGS covered by 20 (Gy)

3 | Volume (%) of the LUNGS covered by 5 (Gy)
> l \X B Mean dose (Gy) to the LUNGS

3

Volume (%) of the HEART covered by 25 (Gy)

o 23stedny
2 rotace stolu (1 Castecny kyv eem oo}

1 Cumulative meterset over all treatment beams

° o
St u I 9 O Mumber of treatment beams

Mumber of unigue isocenters

00
P ( i O ! M l | Mumber of unigue couch angles _EE 2,0000

* NearMax KS 3,7335 Gy



2. MISTO - 111,41 BODU

# Metric ID Objective(s) AD | P/F Result Score  Max Performance
W u Volume (%) of the PTV covered by 51,3 (Gy) =90 [= 100] EE
. \] an G a rc I c Volume (%) of the PTV covered by 54 (Gy) =50 [= 100] EE
Conformation Number [51,3 (Gy), PTV]

’ 3 (Gy),
) M O l ' B rn O Dose (Gy) covering 2 (%) of the PTV

Conformality Index [27 (Gy), PTV]

 Aria 15.6.8
 VMAT 10 kyvu (1253°

(Castecne Kyvy s ruznou rotaci kolimatoru,
navazani kyvu na arovni LU)

e 6 MV
 AXB

* NearMax KS 3,0213 Gy
(nejlepsi z fotonovych plani)




1. MISTO - 113,57 BODU

 Anna Negqgri

 FNKV

« Aria 16.1.4

 VMAT 4 kyvy (1432°)

* 6 FFF

 AXB

« /36 MU

 NearMax KS 3,6534 Gy

# Metric ID Objective(s)
- Volume (%) of the PTV covered by 51,3 (Gy) =90 [= 100]

- Volume (%) of the PTV covered by 54 (Gy) =50 [= 100]
Conformation Number [51,3 (Gy), PTV]

4 | Dose (Gy) covering 2 (%) of the PTV

- Conformality Index [27 (Gy), PTV] <4
- Dase (Gy) covering 0,03 (cc) of the KARDIOSTIMULATOR

7 | Mean dose (Gy) to the KARDIOSTIMULATOR

Volume (%) of the KS_PRV covered by 5 (Gy)

Dase (Gy) covering 0,03 (cc) of the SPINALCORD

n Volume (%) of the GTV covered by 54 (Gy)

Daose (Gy) covering 0,03 (cc) of the SPINALCORD_PRV

- Volume (%) of the LUNGS covered by 20 (Gy)

Volume (%) of the LUNGS covered by 5 (Gy)

Mean dose (Gy) to the LUNGS

- Volume (%) of the HEART covered by 25 (Gy)
Mean dose (Gy) to the LAD

- Cumulative meterset over all treatment beams
- Number of treatment beams

- Mumber of unigue isocenters

20|

Mumber of unigue couch angles

Vitézny pohar ©

AD | P/F

Result

Score  Max

Performance



Kategorie protony

» Vzhledem ke kontraindikaci samostatna kategorie.
» Moznosti protonove terapie a TPS RayStation.



KARDIOSTIMULATOR ([ GTV SpinalCord
SpinalCord_PRV

Cumulative DVH [Vol (%) vs. Dose] Fotony 1. misto Cumulative DVH [Vol (%) vs. Dose] Protony 1. misto

Dose (&) Dose (Gy) -—>



Srovnani planu

61,173 nmm

63,17 Gy

Fotony 1. misto

72,873 mm

59,27 Gy

54,00
51,30

45,00

Protony 1. misto




Srovnani planu

-18,827 Fotony 1. misto -7,127 mm 7 Protony 1. misto

63,17 Gy 59,27 Gy
54,00
54,00 51,30
51,30

0,00



1. MISTO - 134,52 BODU

# Metric ID Objective(s) AD | P/F Result | Score | Max Performance
- Volume (%) of the PTV covered by 51,3 (Gy)

W = 4 u - Volume (%) of the PTV covered by 54 (Gy) >
o M atej N av rat I I Conformation Number [51,3 (Gy), PTV]
Mean dose (Gy) to the KARDIOSTIMULATOR <3 [=

Daose (Gy) covering 2 (%) of the PTV
- Volume (%) of the KS_PRV covered by 5 (Gy)
o R ayStatI O n 9 2 O 4 8 3 Volume (%) of the GTV covered by 54 (Gy)
| n | |

Daose (Gy) covering 0,03 (cc) of the SPINALCORD

- Conformality Index [27 (Gy), PTV]

Dose (Gy) covering 0,03 (cc) of the KARDIOSTIMULATOR

Daose (Gy) covering 0,03 (cc) of the SPINALCORD_PRV
o 4 O I e 2 | Volume (%) of the LUNGS covered by 20 (Gy)
p Volume (%) of the LUNGS covered by 5 (Gy)
Mean dose (Gy) to the LUNGS
o N e ar M aX KS O 2 4 5 8 G Volume (%) of the HEART covered by 25 (Gy)
) y Mean dose (Gy) to the LAD
Cumulative meterset over all treatment beams
Number of treatment beams

Mumber of unique isocenters

Mumber of unique couch angles

Taky pohar? ©



D I S k u Z e = : v Start Optimization O X

*P Entry
Start again
vsr , ; vy v s =+ Entry+Exi ‘
« Cloud SROBF (vyuzivejme ke sdileni uziteCnych e Continue the previous optimization
véci jako skripty, RapidPlan modely atd.) {156 this Clrant ptan 3 & inlerinediale tse fir oplnizaiion
» Pocet kyvl — kolik je dost?
« 10 MV ano nebo ne?
« Osobni tipy:
— VMAT s rotaci kolimatoru 0°? (lépe nenulova rotace) 2. E
— Funkce Avoidance structures (Eclipse od verze 15)
— Opakovana optimalizace jiz vypocCteného planu i
(Eclipse). Jiz spocteny plan s poZadovanou normalizaci. 41.88 Gy
Znovu pustit optimalizaci, pokra¢ovat v predchozi : =
optimalizaci a pouZit plan pro intermediate vypocet davky. e 6831 MU
Po spusteni optimalizace se vratit o jeden krok zpét do "
MR Level 3. Velmi €asto vyrazné vylepSeni planu D 11 T ML SE— TR T
(zejména pokud se jedna o plice). —
— Funkce Convert Isodose Level to Structure... pro tvorbu _
Jadicich® pomocnych struktur pro optimalizaci. .

V) Fie
v . Calculate Volume

Calculate Plane

Reset Calculation Volume

Move Viewing Planes to

Absolute Dose

Isodose Levels...

Convert Isodose Level to Structure...
Dose Color Wash

Properties




Podékovani

 Vsichni ucastnici, kteri tomu venovali cas!
* VVybor SROBF za pomoc a pohar!

* Petra Osmancikova za pomoc!

« Antonino Giallombardo (SunNuclear) a Tomas Oberstein
(Stargen) za propujceni PlanlQ!

A ja dekuji za
pozornost...



